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Introduction  
 
Background 
 
China is a country with the largest population which is over 1.3 billion since 
2005. According to the projections by UNPD (2006), the population will reach 
1.46 billion in 2030 and the annual average grow rate would be 0.4% per 
year.1
China’s present most important primary energy is coal and oil. The share of 
renewable energy is very low. The domestic stock of coal, oil and natural gas 
is finite and China’s reliance on imported oil and gas is rising. China’s energy 
consumption strongly depends on coal and this causes many environmental 
damages, such as the emission of SO2 and CO2. More or less this means that 
   
 
China experienced rapid economic development in the past 20 years. The 
economic average growth rate was over 8% per year. The demand of energy 
in China increased rapidly as the economic growth. Due to the increased 
demand China became from a mainly self sufficient energy consumer to the 
world’s fastest growing energy consumer. China’s total energy consumption is 
on the second place in the world just behind USA. China’s role on the world’s 
energy system becomes more significant.   
 
Challenge of energy sector  
 
Now China’s energy sector faces two pressures: the economic growth and 
environment protection. People should satisfy the domestic energy use and 
not damage the environment.  
 
                                                        
1 WEO 2007, page 255-256 
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the current structure of energy is not optimal or not suitable. Due to the stress 
of energy security and environment pollution, the reforming of energy structure 
will be more likely launched in the future. And in the structure reforming some 
more efficient and renewable alternative energy will be a significant keystone. 
 
Purpose of my thesis 
 
The question “How might be the energy structure tomorrow?” is now a popular 
topic in energy sector.  
 
Forecasts of energy consumption/structure in the case of China are important. 
The large growth of energy consumption in recent years will implicate potential 
demand and supply imbalances in China which can increasingly affect world’s 
energy markets. Forecasts for long term can project the energy needs and in 
the future and set needed strategies (such as investment or construction 
strategies) to ensure the security of China’s energy supply. 2
Based on the current energy situation and energy policy, my paper will 
compare different forecasting methods and results in order to find out a 
 A good forecast 
can provide the government useful information to support making decision or 
amending energy policy.  
    
Another interest topic is about the prospect of alternative energy, especially 
renewable energy. Fossil fuel will not be able to reach human’s demand one 
day. People are starting to concentrate on finding alternative energy.  
 
This paper tries to combine these two topics together and give out a 
comprehensive analysis of China’s energy consumption and structure related 
to conventional energy and alternative energy.  
 
                                                        
2 Crompton and Wu, 2005. Energy consumption in China: past trends and future directions, page 3 
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“general trend” of China’s energy structure in the future. Furthermore my paper 
will also investigate the prospect and feasibility of alternative energy. The 
questions such as “Does China have the precondition to improve the 
consumption of alternative energy? Has Chinese government done efficiently 
to improve the utilization of alternative energy and are these mechanisms 
affect the energy mix? What is the bottleneck now for the development of 
alternative energy?” will be investigated.  
 
 
Structure of my thesis  
 
The following content of my thesis will be divided into four parts: Part I reviews 
the energy structure in general after economic reform (1978). It also gives us a 
brief view about the current China’s energy situation. Part II is about the 
forecasting of energy structure from official report and historical literature. 
Different kinds of methods for forecasting will be compared. A common ground 
of these results will be tried to give out. Part III is about the prospect of 
alternative energy in China. We will introduce government’s incentive 
mechanisms on alternative energy and test whether these mechanisms affect 
the historic energy mix and energy mix projections. The last chapter will 
concludes this paper.  
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Part I: Review the Energy Structure of China 
 
1. Overview of China’s Energy Situation  
 
In this part we will get an overview of the structure changing of energy after 
1978 (the economic reform). 
 
1.1  Economic reform and energy consumption 
 
The Chinese economic reform started in 1978.  In the last three decades after 
1978 the average growth rate of GDP in China is over 8%. As a result of 
economic development the energy consumption increased also. Since 2002 
the growth in energy consumption is obvious. Figure 1 shows the relationship 
between the energy consumption and economic growth.  
 
Figure 1: Economic growth and energy consumption (tonne coal equivalent) 
 
 
(Percentage %) 
 
 
 
 
Source: China statistical Abstract 20073
Wilcoxen, McKibbin, and Woo (2008): There are a number of factors including 
rising GDP growth since 1998 and rise in the energy intensity of GDP recent 
 
 
Why the growth of energy consumption rises so rapidly in recent year?  
                                                        
3 http://www.cicero.uio.no/workshops/chinese-climate-policy-2007/He_Jianwu.pdf  
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years. The rising in the energy intensity was because of many reasons like: 
increased electrification; greater energy demand in manufacturing and by 
households; greater use of cement and steel as infrastructure enhances the 
spending. Chan and Lee (1996) and Wei (2002) argued that some factors are 
significant affect the energy consumption in China like energy price, income 
and heavy industry output in GDP. 
 
1.2  Energy market development 
 
The economic system determines greatly the energy demand and supply in 
China. The central planning system used for a long time was a serious 
constraint for Chinese energy sector development. Energy was and would still 
be a bottleneck to economy development in China. 
 
The situation has improved greatly by the launch of the economic reform.  
The following shows the major energy policies launched since 19784
(1) The energy management system should be reformed and encourage the 
development of energy sector by the cooperative efforts of the central and 
local government, companies, individuals and foreign investors. 
: 
 
 
(2) Reform the energy pricing system, double price system had been adopted 
gradually. 
 
(3) Financing from various channels to raise investment. 
 
(4) Gradually implement opening policy and not only use foreign direct 
investment actively but also technology and management experiences. 
                                                        
4 All the following 4 points come from: Wang, Li and Lin, 1999.The Energy Structure and Economic 
Growth in China, page 2 
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Zhao and WU (2007): The development of China’s energy market can be 
divided into 3 stages. The first period from 1953 to the 1970s: China’s energy 
consumption grew very slowly and there was no gap with domestic production. 
The second period between 1973 and 1992: total output of energy production 
caught up total consumption without violent annual growth rate. That was 
because of the exploited technical improvement which increases the energy 
production output. The third stage after 1992: China’s energy consumption has 
increased and beyond the domestic production. In recent years China’s energy 
consumption has expanded even faster. 
 
From Figure 2 we can see the 3 stages of energy market change. The energy 
consumption increased rapidly, especially after the 90th. The gap between the 
domestic energy output and consumption is becoming significant.  
 
Figure 2: Total primary energy output and consumption in China 
 
 
 
 
 
 
 
 
Source: Zhao and Wu (2007) 
 
 
In 2006 China consumed total energy of 73.8 Quadrillion Btu.5
                                                        
5 IEO 2009 page 121  
 In 1981 the 
number was only 17.2 Quadrillion Btu. Although the total amount of energy 
consumption is huge, the consumption per capita is still very low as a result of 
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large amount of population. WEO 2007 explained that in 2005 consumption 
per capita was 1.3 ton of oil equivalent. This is only about 3/4 of the world’s 
average and 28% of which of OECD countries. Because of a huge     
population, a small change in per-capita consumption can bring very large 
volumetric changes.  
 
 
2. The Composition of Primary Energy 
 
Now we have a look at the energy structure of China. First there is a general 
view of China’s energy structure of consumption. Then details about each type 
of energy will be surveyed.  
 
2.1  General view  
 
Over the last half century the consumption of fossil fuels grew substantially. 
The world translates its usage of fossil fuels from solids to liquids to gases 
(coal to oil to natural gas). In 1950 coal accounted of 62% of all fossil fuel 
consumption. In 1998 its share decreased to 28% and almost equal to the 
share of natural gas.  
 
In 2006 the total energy consumption is 472 Quadrillion Btu and the structure 
of primary energy consumption (Figure 3) is: 28.02% of coal, 35.27% of oil, 
23.35% of natural gas, 6.24% of hydropower, 5.57% of nuclear power and 0.86% 
of other energy (solar, geothermal, wind, biomass). 
 
For recent years, the total additional part of world’s energy consumption 
largely comes from the increase of coal and petroleum consumption. 
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Figure 3: World’s energy consumption in 2006 
 
 
 
 
 
 
Source: EIA International Energy Annual 2006 
 
The detail composition of energy consumption in China is shown in the 
following:  
 
Figure 4: Energy Consumption by Source, China, 1980-2005 (Quadrillion Btu) 
 
 
 
 
 
 
 
 
 
 
Source: Wilcoxen, McKibbin and Woo (2008)  
 
Coal is still the China’s leading energy source and the percentage is in recent 
years around 70%. Most of the increased energy consumption comes from 
coal and oil (Figure 4). Figure 5 shows the energy consumption structure in 
China in 2006.  
 
9 
 
 
Figure 5: Total Energy Consumption in China, by type (2006) 
 
 
 
 
 
 
 
Source: EIA 2006 International Energy Annual 
We can see that oil is now the second largest energy source accounting for 20% 
compared to 3% of natural gas. Hydropower and nuclear energy account 
together for 6%. The left nearly 1% belong to other renewable energy. China’s 
energy mix is significant different with world’s energy mix.  
  
Comparing the energy consumption with other members in the world, China is 
now the second largest consumer just behind American and the share of coal 
consumption is relative much bigger than other countries but the share of 
natural gas is abnormal small. The current situation of energy structure is 
determined by factors including energy reserve, energy technology, energy 
policy and exploration & conversation cost.  
 
 
2.2  Types of energy 
 
In this section we will show out the detail information for primary energy in 
China in order to let us comprehend the current energy structure better. 
Primary energy is the energy which can be found direct in the nature and has 
10 
 
not been subjected to any other.6
2.2.1  Coal 
 China’s main primary energy contains: coal, 
oil, natural gas and hydro power, nuclear power, solar, wind, biomass. 
 
 
 
Above 60% of China’s total primary energy source is coal. China is largest coal 
consumer in the world. But the country produce also many coal.  
 
Rose and House (2007): China relies on coal because of its abundance of 
resource. EIA (China Energy, Statistic and Analysis): There are 114.5 billion 
short tons (1 short ton = 907.18 kg) of recoverable reserve which let China be 
the third largest holder of coal reserve (behind USA and Russia).  
WEO (2007): According to the report of General geological bureau 1999, the 
remaining coal reserve of China is 1003 billion tons. But only 115 billion tons 
can be regarded as proven reserve. The reserve – to – production ratio at 
current production level is around 50 years.  
 
Barlow Jonker (2007) believes that the proven reserve should be 192 billion 
tones. Most of coal resource lies in the Inland and only 6% lies in coastal 
provinces which are the major demand centre (Figure 6). 
 
The transportation distance of coal is very long and the coal transportation 
accounts for nearly 40% of total railroad transport.  
 
The coal use in China increased strongly, especially from 2000 to 2005 (nearly 
doubled the amount). This causes the sharp increase of share of coal in 
world’s energy mix in the last few years.7
                                                        
6 
  
http://en.wikipedia.org/wiki/Primary_energy  
7 International Energy outlook 2008, page 3 
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Figure 6: China’s coal resource 
 
 
 
 
 
 
 
 
 
Source: Beijing HL, consulting (2006) 
 
Figure 7 shows the production and consumption of coal in china from 1981 to 
2007. In 2007, China consumed about 2.72 billion tons of coal which is nearly 
40 percent of the world’s total and has a 116 percent increased since 2000. 
And coal’s consumption is now even bigger than coal’s production. 
 
Figure 7: Coal production and consumption in China 
 
 
 
 
 
 
 
 
Source: EIA International Energy Data 
 
How China consumed so much coal? Rose and House (2007): Over 75% of 
the coal consumption growth in recent years came from the power sector 
12 
 
which the electricity demand expanded and other sources for generating the 
electricity (hydro, natural gas, wind, nuclear) failed (Figure 8). 
 
Figure 8: Share of coal 
 
 
 
 
 
 
 
Source: CEIC from China statistical yearbook and estimation of Rose & House 
 
More than 50% of coal consumption belongs to industry.  Household coal 
consumption dropped from 20% in 1985 to 4% in 2005 as China’s resident 
using home equipment with gas and electricity.  
 
Now, China’s import of coal start growing and global coal price become 
competitive with the domestic price. Maybe in the future China’s rely on coal 
importer will become significant.  
 
 
2.2.2  Oil 
 
The oil reverse in China is less than its demand. According to Oil Gas Journal, 
China’s proven reserves of oil equal to 16 billion barrels at the end of 2008, 
which is only 1.2% of world’s reserve.8
 
 
 
                                                        
8 EIA, China Energy Data, page 2 
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Demand of oil increased as the economic developed (Figure9).  
 
Figure 9: Oil production and consumption in China 
 
 
 
 
 
 
 
 
Source: EIA International Energy Data 
 
China became a net oil importer since 1993. During 1996-2005, the average 
growth rate per year of oil production in China was just 1.9% as the growth rate 
of oil consumption was 7.4% which in 2004 was even as high as 16.4%. The 
gap between domestic production and consumption goes up so that oil import 
plays a very important role in China’s oil supply. According to EIA’s report, 
Japan’s place of the world’s second largest oil consumer was replaced by 
China since 2004.  
 
In 2008 China consumed an estimated 7.8 million barrels of oil per day 
including 3.9 million barrels net import (USA: 11 million barrels; Japan: 
4.6million barrels; Germany: 2.4 million barrels), which is equal to 50%.  One 
report of Brookings Institution9
Nearly 40% of growth in oil consumption comes from transportation especially 
 in 1999 forecasts that 45 percent of China’s oil 
consumption would rely on import after 2010. But the current percent of import 
is already more than the forecast 10 years ago.  
 
                                                        
9 http://www.brookings.edu/articles/1999/fall_china_troush.aspx  
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from automobile. The automobile increased 100% on the road in recent 5 
years.10
Figure 10: Share of oil 
 
 
 
 
 
 
Source: CEIC from China statistical yearbook and estimation of Rose & House 
 
Zhao and Wu (2007): The rise in oil imports has been contributed by rapid 
expansion of China’s transport. Skeer and Wang (2006) have also the same 
conclusion: dramatic oil imports are due to an increase in the transport sector 
activities.  
 
Depending on some researches the number of automobile in China will still 
keep growing. The oil supply will face more stress than before. China’s oil 
fields have been heavily exploited and new discovered oil fields could not 
solve the huge oil demand. Keeping energy security is the preference energy 
policy in oil sector.  
 
According to Chinese plan of Strategic Petroleum Reserve (SPR), stockpiling 
has been constructed and commercial storage should be set in recent years to 
ensure oil reserves. 
 
 (Figure 10) 
 
In China’s 10th 5-Year Plan (2000-2005) Chinese government decided to 
establish a official strategic oil reserve program to help China standing way 
                                                        
10 Rose and House, 2007. China Energy: a guide for the perplexed, page 19.  
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from potential oil supply disruptions. 11
2.2.3  Natural gas 
 
 
 
 
Natural gas plays now a smaller role than oil and coal. But the share of natural 
gas increases slowly in recent years.  
 
Cedigaz12
Figure 11: Natural Gas Discoveries in China since 1997 
 
 
 
 
 
 
Source: IHS Energy databases; IEA estimates 
227 new natural gas fields which are 35 percent of the former discovered fields 
have been found in the last ten years. 
 statistic: China has proven reserve of natural gas to 3720 bcm till 
end 2006, equal to 2% of total world’s gas reserve. WEO 2007 estimates that 
the reserve should be around 5000 bcm (including recoverable, proven and 
probable reserves from identified fields). This number is 30% more than the 
amount gotten by Cedigaz. 80% of these 5000 bcm reserves are 
non-associated gas and 90% of which are onshore. For the moment the 
production has come from onshore associated reserves, approximately 35% of 
which are depleted. Onshore non-associated gas reserves are largely unused. 
Figure 11 shows the discoveries of natural gas in China.  
 
                                                        
11 EIA, China energy data, page 9 
12 Cedigaz: a unique international information association for the gas industry 
16 
 
 
Due to increased proven reserves, the production and demand of natural gas 
in China has also risen substantially. See Figure 12. In 2007 China produced 
2,446 billion cubic feet (1bcf = 28 bcm) of natural gas and consumed 2,490 bcf. 
It began to be a net import natural gas from that time.13
Figure 12: Natural gas production and consumption in China 
 
 
 
 
 
 
 
 
Source: EIA International Energy Data 
 
Rose and Houser (2007) argue that the demand of natural gas increase for 
some factors: fast growing chemical industry; urbanization with clean 
household heating and cooking fuel.  
 
Gas production increased in recent year but not enough to satisfy the demand.  
 
The share of natural gas consumption in total primary energy mix in China is 
much lower than that of world’s average level. There are 2 reasons: 
 
 
1) Transportation of natural gas is difficult. According to the date from WEO 
(2007) and China Energy data, China had approximately 25900 km natural gas 
pipelines at the end of 2008. The government has invested in national gas 
pipeline and plans to construct 7700 km of new pipeline before 2010. The most 
                                                        
13 EIA, China Energy Data, page 10. 
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famous pipeline is west-east pipeline which connects Xinjiang province, the 
largest natural gas center and east provinces. The target of west-east pipeline 
is to transport 11872 bcm / year. China does not use any international pipelines 
for gas import now, but there are many proposed pipelines which could support 
the natural gas import in the near future. Furthermore China imported the first 
LNG by ship in 2006, and the amount of LNG import has expanded since then. 
 
2) Cost of natural gas power is currently high. Skeer and Wang (2006) find out 
that the cost of gas fired power is approximately 70% more than coal fired 
power. As the energy efficiency improved, the cost of natural gas power will 
decrease.  
 
Natural gas is a kind of low emission energy, under current condition, its share 
in China’s energy structure will shift up. 
 
 
2.2.4  Hydropower 
 
China has abundance hydro resources. China has large quantities different 
kinds of rivers and 3886 of which have hydropower potential over 10 MW. 
Hydro resources account for about 36.5% of the remaining recoverable 
reserves of primary energy. 14
                                                        
14 Huang and Yan (2008), Present situation and future prospect of hydropower in China.  
 But its current share of primary energy 
consumption is less than 7%. Figure 13 shows the structure change of china’s 
electricity generation.  
 
China is the world’s largest producer of hydroelectric power since 2007. It 
generated 430 Bkwh of electricity from hydroelectric sources in 2007 which 
account for 14.1 percent of its total electricity generation. 
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Figure 13: China’s electricity generation mix 
 
 
 
 
 
 
Source: EIA China Energy Data, Statistics and Analysis 
 
Hydropower has many advantages 15
There are also many small hydropower plants in China. China had built more 
than 40,000 small hydropower plants and 653 rural counties had achieved 
preliminary electrification.
: Compared with other fossil fuel, 
hydropower is renewable and could not be exhausted in the theory; 
Hydropower do not bring air pollution; Hydropower is more efficient than other 
power generation; The Hydropower using is flexible and it can increase or 
decrease rapidly (from 0 to maximal output); it can be used as a good way to 
solve the unbalance between energy supply and demand.  
 
Three Gorges Dam, the largest power project on the Yangtze River began to 
operate in 2009 and its capacity will achieve 18.2 GW.  
 
16
                                                        
15 Huang and Yan, 2008. Present situation and future prospect of hydropower in China  
16 Huang and Yan, 2008. Present situation and future prospect of hydropower in China. 
 
 
China has rather high potential of development in hydropower. In the future 
Hydropower will become more important.  
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2.2.5  Other energy 
 
Other kind of energy type in the consumption group include biomass, nuclear, 
wind, solar which are also called alternative energy.  Their shares are still 
very low, even less than 1%. We will talk about the situation and purpose of 
alternative energy more detail in the third Part of this thesis. 
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Part II Forecast China’s Energy Structure 
   
3. Energy Forecasting  
 
In this part we will show how China’s energy consumption and structure will 
change in the future  
 
3.1 The reason and motivation to forecasting  
 
Energy forecast give out a projection and foresights about the future energy 
demand and composition relationship. The importance of energy forecasts in 
energy sector could not be ignored.  
 
Many energy policy decisions are driven by information and viewpoint that 
come from energy forecasts. Energy prediction could help not only the policy 
makers but also the private sectors to make the right decisions for energy 
policies.17
                                                        
17 Winebrake and Sakva, 2005. An evaluation of errors in US energy forecasts: 1982–2003 
 
 
Both the international energy organization and academic papers focus on the 
energy forecast. The impact of China’s rapid development not only affects the 
domestic energy sector but also global energy sector. So more and more 
researches focus on the future energy situation of China.  
 
In this part we will compare different authors’ forecasting methods and results 
including the forecasting results from official organization like International 
Energy Agency (IEA) and Energy Information Administration (EIA). We want to 
find out some similar opinions among these forecasting and discuss the 
different opinions.  
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In the first part we have reviewed China’s energy demand and structure in the 
last decades: China’s primary energy relies on coal very much, nearly 70 
percent. Oil is the second largest consumption type about 20 percent. Natural 
gas accounts for about 3%. Other 6% comes from hydroelectricity. The left 1% 
include nuclear, solar, wind etc.  
 
Now the question is: “How might China’ energy consumption and energy 
structure change in the future?” 
 
There are many studies for long term projections of China's energy sector in 
recent years. These studies point out almost the similar opinion: China's 
energy demand is rising rapidly and China's imports of coal, oil and natural gas 
would increase also rapidly. These affect the total amount in absolute terms as 
well as the weight of imported in energy mix. 18
3.2  Aspect which affect the energy prospect   
 
 
 
Before going into the detail forecasting, we first analyze “Which factors can 
affect the energy consumption and structure in future. There are three keys 
which can determine the situation of energy. These three keys do not exist 
alone but react together to affect the energy situation tomorrow. 
 
 
 
 
 
 
 
                                                        
18 Gerard Adams and Shachmurove, 2007. Modeling and forecasting energy consumption in China: Implications for 
Chinese energy deman and imports in 2020 
Demand Aspect 
  Economic growth 
  Urbanization 
Nature Aspect 
 Resource constraint 
 Pollution 
 Climate change 
 
 
Supply Aspect 
 Technology innovation and development 
 Supply security 
 Global energy price 
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3.2.1 The demand aspect  
 
The first key aspect is “Demand Aspect” and it explains the factors from 
macroeconomic like economic growth or urbanization. GDP is a measure for a 
country's economic performance and is the most important index that 
implicates the economic growth. 19
Urbanization is also a drive to raise the energy demand. China has rapidly 
urbanized in the past two decades (Figure 14). The rapid urbanization has 
caused much pressure on energy, resources and the environment.
 
 
Energy demand has a close relationship with GDP. From not only the world but 
also China’s past experience, energy demand rises as GDP rises. This 
reaction behaves not synchronization but hysteresis. That means the rise of 
energy happens a little bit later than the rise of GDP. From Figure 1 in first part 
we can see this phenomenon clearly.  
 
20
 
 
Source: Li and Yao (2009). 
 
 
 
Figure 14: Urbanization rates and GDP growth rates 
“Urbanization is the growth of urban areas from rural areas because of 
                                                        
19 http://en.wikipedia.org/wiki/Gross_domestic_product  
20 Li and Yao, 2009. Urbanization and its impact on building energy consumption and efficiency 
in China 
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population immigration to an existing urban area”.21
 
 
 
 
 
 
 
 
Source: Shen et al. (2005) 
  
 
Shen et al. (2005) and Liu (2009) all point out that rapid urbanization process 
could cause more energy consumption.  
 
Before 30 years, most of the people are farmer and lived in village. The city 
were much smaller than today’s. After the economic reform, many industries 
have been founded and need a lot of additional labors. In other hand, people 
lived in village and did not have enough fields to farm. In a result, more village 
man went into city and worked there. The area of cities had been becoming 
larger as well as more modern buildings and roads have appeared. The need 
of energy for resident use, transportation, industry and infrastructure has risen 
quickly.  
 
Shen et al. (2005) forecasted China’s GDP growth rate and urbanization rate 
to 2050 (Table 1). They argue that the growth rate of GDP will keep around 8% 
at least in next 10 years and then shift down slowly to around 4% until 2050. 
The urbanization will keep going. In 2050 the urbanization rate will reach 
nearly 42%.  
 
Table 1: Forecast of GDP and urbanization for China 
                                                        
21 http://en.wikipedia.org/wiki/Urbanization  
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Figure 15: Relationship between urbanization and energy consumption 
 
 
 
 
 
 
Source: Yaobin Liu (2009) 
Liu (2009) point that the urbanization rate in 2008 was already reach nearly 
45%. 
 
According to the relationship between GDP, urbanization and energy 
consumption, the argument of “a raised energy demand in the future” is 
tenable. Other studies review from Crompton and Wu (2005), Gerard Adams 
and Shachmurove (2007) all support this opinion.  
 
3.2.2 The Supply Aspect  
 
The second key aspect is “Supply Aspect” including technology innovation and 
development, energy supply security, global energy price.  
 
“Technology can lead increasing energy efficiency, saving energy project, 
renewable and clean energy use. Energy efficiency can help achieving a 
sustainable energy future. Improvements in energy efficiency can reduce the 
costs on energy infrastructure and fuel, increase competitiveness and improve 
consumer welfare. Environmental can also get benefits by the reduction of 
GHG emissions and local air pollution. The Improved energy efficiency can 
decrease the reliance on imported fossil fuels and improve the energy 
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security.”22
By the way global energy price especially oil price can also determine the 
consumption and structure of energy. How much of each fuel they want to 
consume are affected by the actual prices paid by energy consumers. The 
price also determines how much they want to invest in improving the efficiency 
of a particular technology used to support a particular energy service.
  
 
Furthermore technology can help human finding new reserve of energy and 
use unconventional energy type. In a word technology can heavily affect the 
structure of energy.  
 
Another important factor in second aspect is energy supply security which is a 
factor on the level of energy strategy. Now China’s reliance on imported oil and 
natural gas is increasing. “Is the supply chain reliable for long term?” That is a 
serious challenge for China, such a big country. The government may worry 
about the reliability of imported oil and natural gas. Now many energy 
strategies are around keeping the energy security. At the same time the 
motivation of finding other energy as substitution will run up.  
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3.2.3 The Nature Aspect 
 
    
 
The third key aspect is “Nature Aspect” which consist resource constraint, local 
pollution and climate change. Because the reserve of fossil fuel energy until 
now as we now is exhaustible. What can we use after the exhaustible reserve 
is out? Other resource like solar and wind are unlimited. It is a trend for long 
run the primary energy consumption transfer from using exhaustible resource 
to non exhaustible resource. 
                                                        
22 IEA homepage: http://www.iea.org/Textbase/subjectqueries/keyresult.asp?KEYWORD_ID=4122  
23 WEO 2007, page 63 
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Local pollution and climate change are caused by using unclean energy. 
Increased energy consumption and the continuing heavy reliance on coal 
causes not only higher CO2 emissions but also worsening air pollution in 
China. Fossil energy use causes toxic and noxious emissions such as SOx, 
NOx, CO2 and dust which contributed directly to health problems, acid rain and 
global warming.24
4. Different Forecastings 
  
 
From 2000 to 2006, China’s emission of CO2 has increased very fast even 
equal the 58% of world’s total increase (WEO 2007). China faces big problems 
of local air damage and global climate change. The desire of clean energy like 
solar, wind and hydropower are unheard of scale.  
 
After we know the factors which affect the energy demand and structure 
generally, we can better understand and analyze the energy forecasting. The 
most famous international official forecasting reports are “World Energy 
Outlook” from International Energy Agency and “International Energy Outlook” 
from Energy Information Administration.  
 
    
4.1 Forecasting from IEA 
 
4.1.1 Introduction  
 
The International Energy Agency (IEA) is “an intergovernmental organization 
founded during the time of oil crisis from 1973 to 1974. It provides energy 
policy advises to 28 member countries. They try to ensure a good energy 
supply for their citizens. At the beginning, it acted to coordinate measures in 
case of oil supply emergencies. Then the IEA has changed as the energy 
                                                        
24 WEO (2007), page 197 
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markets have changed. It enlarges its role to incorporate the balance of energy 
policy making such as energy security, economic development and 
environmental protection”.25
The latest forecasting for China is in its report of 2007. In WEO 2007, IEA 
cooperate with Chinese national energy research institute 
(
  
 
http://www.eri.org.cn/) to project China’s energy prospect.  
 
4.1.2  Methodology  
     
The IEA has used World Energy Model (WEM) to predict medium to long term 
energy consumption since 1993. “The WEM is a large scale mathematical 
construct designed to copy how energy markets function. WEM is a main 
instrument used to generate detailed projections sector by sector and region 
by region for both the Reference and Alternative Policy Scenarios”.26
“Alternative Policy Scenarios analyzes the impact on energy markets of some 
additional measures for energy-security and climate-change. The goal is to 
give advices to policy makers and let them know the potential impact and cost 
of the many policy decisions they are considering”.
  
 
Reference Policy Scenarios means if the energy policy keeps the same from 
now on, what will the energy situation in the future. This scenario allows us to 
test alternative assumptions about government future policies.   
 
27
                                                        
25 
 The results of the 
Alternative Policy Scenario point out that China can move into a more 
sustainable economic and environmental path through stricter enforcement of 
existing policies and the new ones now being discussed. There is a net 
economic benefit for Chinese energy consumers and for China as a country – 
http://www.iea.org/about/index.asp  
26 http://www.worldenergyoutlook.org/model.asp  
27 WEO 2007, page 56 
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even before the energy-security and environmental implications are taken into 
account.28
4.1.3  Assumption  
 Many of the policies mentioned in this scenario were proposed a 
year or more before the forecasting and are still awaiting approval. The 
policies include promoting renewable energy, improving energy efficiency 
standards and more big plans for nuclear power.  
 
Many polices of Chinese government have been consisted in alternative 
scenarios: China’s 11th 5 Year Plan issues a commitment to use renewable 
energy to generate 10% of its electricity. Cut down the energy intensity by 20% 
from 2005 to 2010. Plans for local pollutants are also contented. China 
launched in 2007 a national climate-change-program which is also taken into 
the consideration in the Alternative Policy Scenario. 
 
 
In this report IEA first assume the population, macroeconomic, global energy 
price of which performance can affect direct on the energy situation. These 
assumptions apply to both reference policy scenarios and alternative policy 
scenarios. China’s population is projected to grow very slowly. The population 
will reach 1.46 billion in 2030 compared with 1.31 billion in 2005. China’s GDP 
are expected to grow continually but the speed will slow down (Table 2). 
 
Table 2: Population and GDP Growth (average annual growth rate, %) 
Year 1980-1990 1990-2005 2005-2015 2015-2030 2005-2030 
Population 1.5 0.9 0.6 0.3 0.4 
Real GDP29 9.1  9.9 7.7 4.9 6.0 
Source: WEO 2007 
 
                                                        
28 WEO 2007, page 362 
29 Real gross domestic product (GDP) is a macroeconomic measure of the size of an economy adjusted for price 
changes and inflation. http://en.wikipedia.org/wiki/Real_gross_domestic_product  
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IEA assumes that the global price of coal will still keep steady. The oil price will 
first go down then go up. Natural gas price will relative fast than other fuel.  
 
4.1.4  Result   
 
The unit used for all forecasting resources is not the same. Mtoe, Mtoc, trillion 
cubic feet, billion kilowatthours and million barrel equivalent per day are all 
used here and there. In order to make the reader convenience, we make a 
unification of different kinds of unit to Btu.  
 
For example: 1 million barrels oil equivalent = 5.8 trillion Btus 
1 cubic feet = Approximately 1000 Btus 
1 kilowatthour = 3.411 Btus 
 
After unit transformation, we get the result like following (Table 3, Table 4) 
 
WEO 2007 point that the using of biomass and waste in China is still large 
account for 10% of primary energy.  
 
The reason is that many people in villages burn the wood and plants to cook 
food. In many statistic data it has been ignored and only biomass for electricity 
are considered. This forecasting considers still the traditional biomass 
utilization. The share of Hydropower here is also lower than other official 
reports (average share from other reports=6%).  
 
Although there are discrepancies in biomass, hydro and other statistics,30
In the Reference Scenarios (Table 3), the total primary energy will still grow 
 it 
can also support us to just to see a general trend of structure change.  
 
                                                        
30 WEO 2007, page 264 
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and the annual growth rate from 2005 to 2015 is 5.0% and from 2005 to 2030 
is 3.2%. The shares of coal and oil are constant. The share of natural gas, 
nuclear and other renewable energy shift a little bit up. 
Table 3: IEA’s forecasting of primary energy for Reference Scenarios (Quadrillion Btu)  
 Primary Energy demand  Share % Growth (% p.a) 
 2005 2015 2030 2005 2015 2030 2005-2015 2005-2030 
Total 69.76 114.17 152.94 100 100 100 5.0 3.2 
Coal 43.81 74.85 96.07 63 66 63 5.5 3.2 
Oil 13.10 21.75 32.36 19 19 21 5.2 3.7 
Gas 1.68 4.37 7.97 2 4 5 10.0 6.4 
Hydro 1.36 2.48 3.44 2 2 2 6.2 3.8 
Nuclear 
Biomass      
Other      
0.56 
9.09 
0.16 
1.28 
9.01 
0.43 
2.68 
9.09 
1.33 
1 
13 
0 
1 
8 
0 
2 
6 
1 
8.6 
-0.1 
10.4 
6.5 
0.0 
8.8 
Source: WEO 2007 
 
Table 4: IEA’s forecasting of primary energy for Alternative Scenarios (Quadrillion Btu)  
 Primary Energy demand  Share % AS vs.RS* 
 2005 2015 2030 2005 2015 2030 2005-2015 2005-2030 
Total 69.76 109.84 130.39 100 100 100 -3.8 -14.7 
Coal 43.81 69.80 73.77 63 63 56 -6.7 -23.2 
Oil 13.10 20.74 26.15 19 19 20 -4.6 -19.2 
Gas 1.68 5.05 9.01 2 4 7 15.5 13.0 
Hydro 1.36 3.0 4.57 2 3 3 21.0 32.9 
Nuclear 
Biomass      
Other      
0.56 
9.09 
0.16 
1.76 
8.93 
0.56 
4.81 
10.21 
1.87 
1 
13 
0 
2 
8 
1 
4 
8 
2 
37.5 
-0.8 
30.2 
79.5 
12.3 
40.6 
Source: WEO 2007 
In Alternative Scenarios (Table 4) the growth rate of total primary energy 
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demand is smaller than that of Reference Scenarios. The increase of the share 
of hydro power, nuclear and renewable resource is significant. In 2030 the 
share of non fossil fuel will be 17% compared with 11% in reference Scenarios.  
The total primary energy saving is 3.8% (for example the total deman will be 
109.84 in 2015 in alternative scenario instead of 114.17 in reference scenario, 
(109-114.17)/114.17 = 3.8% which means reducing 3.8%) to 2015 and 14.7% 
to 2030.  
 
In the Alternative Policy Scenario, due to the stricter implementation of the 
central government’s policy between 2005 and 2015, much energy was saved.  
In the longer term, structural economic change increasingly drives the faster 
improvement in energy intensity, alongside more widespread use of efficient 
energy production.31
The share of non fossil fuel is in 2005 about 11.17 Quadrillion Btu and in 2015 
about 13.2 Quadrillion Btu and in 2030 about 16.54 Quadrillion Btu in 
reference case. The share of non fossil fuel is in 2015 about 14.25 Quadrillion 
Btu and in 2030 for about 21.46 Quadrillion Btu in alternative case. In this 
projection, biomass consumption largely based on traditional utilization 
methods (direct burning). In reference scenario, the share of biomass will 
decrease more than in alternative scenario. The reason might be that: as 
technology developed and biomass new utilization being encouraged, the 
reduced amount of traditional burning biomass will be substituted by 
consumption of modern biomass utilization in alternative scenario. From the 
aspect of total consumption, the non fossil fuel energy increased fast. From the 
aspect of energy mix, we should separate the forecasting into 2 cases: 
consider with biomass and consider without biomass. Then the energy mix of 
non fossil fuel can be concluded in Table 5. We can find that if we do not 
consider the traditional utilization of biomass, the share of non fossil fuel will 
  
 
                                                        
31 WEO 2007, page 363 
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increase in both scenarios, especially violently in alternative scenario.  
 
Table 5: Share of non fossil fuel in IEA’s forecasting 
  
2005 2015 2030 
Reference with biomass 16% 11.60% 10.80% 
 
without biomass 3.40% 4% 5.17% 
Alternative with biomass 16% 13% 16.40% 
 
without biomass 3.40% 5.20% 9.30% 
 
 
4.2 Forecasting from EIA 
 
EIA (=The United States Energy Information Administration) was created in 
1977. It is the independent statistical agency within the U.S. Department of 
Energy. EIA's target is to provide policy independent data, forecasts, and 
analyses. EIA promote energy policy making, efficient markets, and public 
understanding regarding the role of energy in our world.32
The IEO (International Energy Outlook) is made by EIA for worldwide 
forecasting including prediction for China. Here we use the data from IEO 2009, 
the latest vision. The IEO set up 3 cases in forecasting: reference case, high 
economic growth case and low economic growth case. Assume reference 
case with an average annual GDP growth rate of 6.8%. In the high economic 
growth case, the growth rate is 7.3% (0.5% more than reference case). In the 
low economic growth case, growth rate is 6.3% (0.5% less than reference 
case).
 
 
Since 1996, every year EIA makes projections of energy supply and demand 
in its “International Energy Outlook”. It provides high quality projection for 
governments and private sectors.  
 
33
                                                        
32 
 The forecasting result of primary energy structure generated from 
http://en.wikipedia.org/wiki/Energy_Information_Administration  
33 http://www.eia.doe.gov/oiaf/ieo/  
33 
 
IEO 2009 is in Table 6-8. 
 
Table 6: EIA’s forecasting in Reference Case (Quadrillion Btu) 
Year 2006 2010 2015 2020 2025 2030 
Total 73.80  90.50  105.90  124.00  140.70  155.80  
coal 70.46% 69.28% 66.68% 64.71% 65.1% 64% 
oil 20.75% 19.88% 19.99% 21.06% 21.02% 21.13% 
Natural gas 2.71% 2.87% 3.69% 3.95% 4.19% 4.5% 
Nuclear  0.25% 0.24% 0.53% 0.75% 0.88% 0.93% 
Hydro power and others 5.83% 7.73% 8.97% 9.52% 8.81% 9.44% 
Source: IEO 2009 
 
Table 7: EIA’s forecasting in High Economic Growth Case (Quadrillion Btu) 
Year 2006 2010 2015 2020 2025 2030 
Total 73.80  90.90  108.50  129.50  149.90  164.40  
coal 70.46% 69.40% 66.96% 65.62% 64.58% 64.38% 
oil 20.75% 19.80% 19.91% 20.76% 22.10% 21.24% 
Natural gas 2.71% 2.86% 3.59% 3.94% 4.22% 4.56% 
nuclear 0.25% 0.24% 0.51% 0.72% 0.83% 0.88% 
Hydro power and others 5.83% 7.70% 9.03% 8.96% 8.27% 8.94% 
Source: IEO 2009 
 
Table 8: EIA’s forecasting in Low Economic Growth Case (Quadrillion Btu) 
Year 2006 2010 2015 2020 2025 2030 
Total 73.80  90.10  103.40  118.80  132.10  143.40  
coal 70.46% 69.15% 66.34% 63.72% 63.44% 62.20% 
Oil 20.75% 19.94% 20.56% 21.50% 21.67% 21.92% 
Natural gas 2.71% 2.89% 3.66% 4.24% 4.64% 4.62% 
Nuclear 0.25% 0.25% 0.54% 0.78% 0.94% 1.01% 
Hydro power and others 5.83% 7.77% 8.90% 9.76% 9.31% 10.25% 
 Source: IEO 2009 
 
 
Although there are three cases, the numbers do not change heavily. We will 
see from EIA’s forecasting: The share of coal will decline over 6% to 2030. The 
share of oil will still keep constant. Natural gas’s percentage will increase 
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nearly 2% in the next two decades. Hydro, Nuclear and other renewable 
energy will become more important than before. The share of non fossil fuel 
will double in energy mix. If we compare the result of reference scenario in 
IEO’s and WEO’s forecasting, we find that the share of fossil fuel of both 
results looks similar for future.  
 
 
4.3 Forecasting from other studies 
 
4.3.1 Three-Es Model  
 
Li (2003) focused on the relations of economy, energy and environment and 
modeling an integrated econometric model with the three components 
simultaneously---the 3-Es Model which includes a macroeconomic sub-model, 
an energy sub-model and an environment model (Figure 16).  
 
The macro sub-model consist factors influencing energy supply/demand and 
the related environment pollutants. In this sub-model, population amount, 
economic policy and international trade, crude oil price and exchange rates, 
are considered. The energy sub-model is the core of the 3Es-model, is 
designed to determine the final energy consumption, primary energy supply 
and energy trading. Final energy demand is determined by sectors based on 
the economic activity indicators and by energy sources based on energy price 
indicators obtained by the macro sub-model.  
 
The 3 Es-model assumes 6 cases under the forecasting for energy: 
 
1. BAU: Business as usual, the current economic trend and policy keep going 
to 2030, much like the “reference case” we have mentioned.  
2. Energy saving case: energy efficiency will increase 2% by 2030. 
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3. Switching to non fossil fuel case: no fossil fuel capacity by 2030. 
4. Combination case: combine the case 2 and case 3.  
5. Carbon tax case: carbon tax will be used from 2011 with 10$ per ton 
carbon.  
6. Comprehensive case: case 2, 3, 5 will be all considered.  
 
The result is in Table 9 and Table 10. 
 
Figure 16: 3Es-Model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Li (2003) 
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Table 9: Primary energy structure in BAU case 
year 2010 2020 2030 
Total primary energy 100% 100% 100% 
Coal 63.5% 57.3% 52.6% 
Oil 24.1% 26.1% 28.4% 
Natural Gas  6.1% 8.7% 10.5% 
Nuclear 2.3% 3.3% 3.7% 
Hydro power 2.8% 2.8% 2.5% 
Other renewable  1.2% 1.8% 2.4% 
Source: Li (2003) 
 
Table 10: Compare the energy structure of 6 cases in 2030 
 Case1 Case 2 Case 3 Case 4 Case 5 Case 6 
Coal 52.6% 52.1% 47% 46.4% 48.1% 41.2% 
Oil 28.4% 27.9% 28.9% 28.3% 31.4% 31.3% 
Natural Gas 10.5% 11% 10.7% 11.2% 11.4% 12.2% 
Nuclear 3.7% 3.9% 6.8% 7.1% 4.0% 7.7% 
Hydro power 2.5% 2.6% 3.0% 3.1% 2.7% 3.4% 
Other renewable 2.4% 2.5% 3.7% 3.9% 2.6% 4.2% 
Source: Li (2003) 
 
Due to the old data before 2003, the absolute forecasting number of total 
energy consumption and share of hydro power are little bias, lower than the 
real situation. Li (2009) adjust his forecasting using the 3-Es model once more: 
the coal will keep around 50%, oil 27.8%, gas of 8.1%, nuclear and hydro 
together of 7.3%, other renewable energy of 5.1% to 2030. In BAU case, the 
share of oil and natural gas will increase faster than other energy. In case 6, 
the increased share from oil and natural gas would be substituted by nuclear 
power and other renewable energy. 
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We can see in 3-Es model forecasting that the share of fossil fuel will decrease 
and the share of renewable energy will increase. And the decline of share of 
fossil fuel depend on the energy and environment policy such as promoting 
energy efficiency, energy saving and launching carbon tax. The share of 
nuclear, hydro power and other renewable energy will become much weighty if 
the energy efficiency increases, energy saving and carbon tax programs are 
enforced by regulation.  
 
 
4.3.2 Energy balance framework  
 
Gerard Adams and Shachmurove (2007) showed an energy balance 
framework with energy production, energy import and export. They assumed 
an average annual growth rate of China’s GDP to 9% before 2015 and 5.6% 
between 2015 and 2020.  
 
From their energy balance framework, we can indirect get the energy 
structure (ignore the traditional biomass heat) by 2020 (Table 11).  
Table 11: Energy structure by 2020 from Adams & Shachnurove’s projection 
Total Coal Oil Natural Gas Nuclear Hydro power Others 
100% 57% 33% 4% 1.5% 3% 0.6% 
Source: Gerard Adams & Shachnurove (2007) 
Adams and Shachnurove argue also that China’s import of energy will 
increase very fast: the import of natural gas and oil will treble as today.  
 
The disadvantage of Adams and Shachnurove’s study is that they only 
considered the factor of economic growth but ignore other factors like 
environment stress, energy security and technology innovation in the next 10 
years.  
38 
 
4.4 Comparison and analysis  
 
In this part we compared different studies about energy forecasting for China. 
It is all agreed that the share of coal would be smaller. The critical point is 
about the share of oil. Compare with Li (2003)’s forecasting, both think the 
percent of oil will achieve above 25% by 2030 which is much different with the 
projection of EIA and IEA who get the number around 21%. Another critical 
point is about natural gas: EIA, IEA and Gerard Adams & Shachnurove’s study 
argue that the share of natural gas will still keep low, about 5%. But Li’s study 
argue the share will increase nearly to 10%. Furthermore they all think the 
proportion of renewable energy will increase.  
 
Of course the outcome of each prediction depends on the methodologies and 
assumptions. But most of these studies point out the same general trend: 
China’s total consumption of energy will still rise rapidly as well as the imports 
of oil; the share of coal will decrease.  
 
In reference scenario of IEA’s forecasting, the total share of non fossil fuel will 
decrease if considering the traditional using of biomass. But in alternative 
scenario considering the existing policies and new ones being discussed, the 
total share of non fossil fuel will keep sustainably (the absolute amount 
increase) for long term. In EIA’s forecasting, the share of non fossil fuel 
(especially hydro power and other renewable energy) will increase, even 
double by themselves.  In Li’s forecsting, nuclear power and other renewable 
energy’s share will all increase, especially in his case 6.  
 
Table 12 shows us the share of non fossil fuel in different predictions (we use 
here the result of EIA without considering traditional utilization of biomass). In 
EIA’s forecasting, in reference case the share of non fossil fuel will increase 52% 
which is 70% in IEA’s reference case. We see in alternative case, the share of 
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non fossil fuel in EIA and Li’s forecasting is much more than in reference case 
(increase almost 100%).  
Table 12: The share of non fossil fuel energy consumption 
case year EIA IEA Li  
reference 2005/2006 3.4% 6.1% - 
 
2015 4% 9.5% - 
 
2030 5.17% 10.37% 8.6% 
alternative 2005/2006 3.4% - - 
 
2015 5.2% - - 
 
2030 9.3% - 15.3% 
 
We could consider that the non fossil fuel /renewable energy might be as an 
alternative to conventional fossil fuel energy, especially in alternative 
scenarios.  
 
What’s the situation of alternative energy in China? Does China have the 
precondition to increase the consumption of alternative energy? Does Chinese 
government done efficiently to improve the utilization of alternative energy and 
are these mechanisms affect the energy mix? What is the bottleneck now for 
the development of alternative energy? In order to answer these questions, we 
will talk about alternative energy in next section.  
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Part III: Purpose of Alternative Energy 
 
5. Overview of Alternative Energy 
 
In the last 100 years, fossil fuel is the most important energy source for human 
society. Because of large energy demand, higher petroleum price and 
environment problem caused by using coal and petroleum, people started to 
utilize alternatives energy as substitute to conventional fossil fuel.  
 
5.1 Definition 
 
There is no fix definition of alternative energy. There are three definitions from 
online: “Alternative energy is the energy source which is an alternative to using 
fossil fuels. Alternative energy includes renewable energy, green energy and 
clean energy”.34 “Alternative energy is the fuel sources different from fossil 
fuels. It is typically used interchangeably for renewable energy”.35 “Alternative 
energy is energy which is not popularly used. It is usually environmental 
friendly, such as solar or wind energy”.36
 
 
 
As an example, alternative energy includes biomass energy, geothermal 
energy, hydro power, nuclear energy, solar energy and wind energy. Most of 
the alternative energy is also renewable energy which can be regenerated in a 
short term.  
 
Alternative energy is a solution to conservation and sustainable development.  
The bottleneck of alternative energy is respected not only to technology 
feasible but also to its economic cost.  
                                                        
34 Inter-seasonal heat transfer: http://www.icax.co.uk/alternative_energy.html 
35 US Minerals Management Service: http://www.mms.gov/offshore/RenewableEnergy/Definitions.htm 
36 Natural resources defense council: http://www.nrdc.org/reference/glossary/a.asp  
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5.2  Biomass 
 
Biomass has the energy from sun and the process is called photosynthesis. 
Biomass energy has a long history. Since thousands years ago people have 
used wood, crops and other dry plants or animals to fire for heating and 
cooking. Now people in rural areas are still using the traditional biomass. The 
traditional using of biomass causes not only air pollution but also adverse 
health impacts. The traditional using of biomass is also not energy efficient.37
(NREL
 
 
Modern biomass technologies could improve the efficiency and availability of 
clean, low cost biomass. Now burning biomass is not the only way to get its 
energy. Biomass can be transformed into other forms of useable energy, like 
biogas, ethanol and biodiesel. Biogas is also called methane gas which is 
generated from fermentation of biomaterials such like garbage and waste. 
Ethanol is a liquid fuel from fermentation of sugar or crop. Biodiesel can be 
gained from plant oils and animal fats and can be used in transportation.  
 
Ethanol and Biodiesel are always blended with petroleum fuel. But they could 
be also blended alone. According to today’s technology ethanol or biodiesel 
does not burn quite as much as fossil fuel. Ethanol and biodiesel are now 
expensive than the fossil fuel which they want replace. But bio fuel is cleaner 
than fossil fuel and technology improvement will solve the question of entirety 
burning.  
 
38
                                                        
37 EIA homepage: 
 , Biomass Energy Basics): Biomass can do that the fossil fuel do and 
bring additional benefits such like:  Using biomass can reduce GHG greatly; 
using biomass can reduce the reliance on import oil because bio fuel is now 
the only available liquid transportation fuels from renewable energy.  
http://www.eia.doe.gov/ 
38 NREL homepage: http://www.nrel.gov  
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According to the research of Institution of Engineering and Technology39
Biomass can also be used for power generation in electricity sector. The 
Energy Information Administration (EIA) predicts that electricity generated by 
biomass is most likely to increase substantially.
, using 
bio fuel for transportation will cause less pollution than using gasoline or 
diesel.  
 
Boman and Turnbull (1997): Using biomass does not cause additional CO2. In 
the process of photosynthesis, plants absorb CO2 and in the process of using 
biomass, the CO2 absorbed just releases out again. The released amount is 
not more than the amount absorbed.  
 
40
5.3 Geothermal energy  
 
 
 
Geothermal is heat contained within the Earth and comes from the earth’s 
mantle and goes out of the surface. For example hot springs and steam are all 
geothermal energy.  
 
Geothermal energy can be used directly for the heat for industry and resident. 
About 90% of the population of Iceland enjoys geothermal for their central 
heating.41
If the temperature of steam is very high, it can also be used for electricity 
generation. As the technology develops, low temperature steam can also be 
generated to electricity. USA is now the biggest geothermal user and started to 
use geothermal for electricity. The using of geothermal energy in developing 
 
 
                                                        
39 The Institution of Engineering and Technology: http://kn.theiet.org/power/  
40 Biomass for Electricity Generation, by Energy Information Administration 
41 BP Statistical Review of World Energy 
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countries would be a trend over the years.42
5.4  Hydro power 
 
 
Whether the exploration of geothermal affect the environment depend on its 
explorations scales. Propriety utilization of geothermal has nearly no negative 
effect for the environment.  
 
 
Hydro power or water power is power generated from moving water. Hydro is 
renewable resource, because water is in theory always there on the earth and 
would not run out of it.  
 
In the end of 19th, moving water was used to generate electricity. Dams and 
hydro plants have been building on rivers. Hydro is the cheapest way for 
electricity generation (nearly one cent per kWh).43
 
 Because utilization hydro 
power only needs a dam and hydro plants, the moving water is free.  
 
Figure 17: Dam on river 
Source: http://www.renewableenergyworld.com/    
 
WEO (2006): Hydropower accounts 80% of American’s renewable energy use.  
WEO (2007): Hydropower accounts 15% of China’s total electricity 
consumption.  
                                                        
42 International geothermal association homepage: http://www.geothermal-energy.org  
43 www.need.org/needpdf/infobook_activities/SecInfo/HydroS.pdf  
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But hydropower is not a perfect energy. Building dams on river may cause 
several problems. It can change the original river system and affect the 
ecosystem around the river, for example, fish could not swim upstream or 
problem of silting may increase and affect the quality of water.  
 
Hydropower has advantages on environment: it does not cause air pollutant. 
Under the press of CO2 emission and climate change, the utilization of hydro 
will become more popular in the future. IEO (2008): increasing using of 
hydropower will stabilize the concentration of CO2.  
 
5.5  Nuclear energy 
 
Nuclear power is power generated by controlled nuclear reactions. In 2007, 14% 
of the world's electricity came from nuclear power. U.S, France and Japan 
produce over 50% of total nuclear power generation. 44
 
 
 
Figure 18: Nuclear power plant 
Source: www.teachengineering.org   
 
Nuclear power plants do not burn any fuel. They use uranium fuel (like solid 
ceramic pellets) to produce electricity through the fission process.45
                                                        
44 
 Nuclear 
power is emission-free energy.  
http://en.wikipedia.org/wiki/Nuclear_power  
45 Nuclear energy institute: www.nei.org  
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Nuclear Energy Institute: the nuclear energy industry prevents millions of tons 
of CO2 emissions in American every year when using nuclear power which 
replace fossil fuel plants.  
 
It does not bring air pollution and it can be a good choice for replacement of 
conventional fossil fuel. Combine Nuclear power with fuel cell technology can 
reduce the dependence on fossil fuel.  
 
The environment effect of nuclear waste is radiation. How to make the storage 
safe and deal with nuclear waste is still big challenges and unsolved problem.  
 
IEO (2008): World’s electricity generation from nuclear power will increase to 
3.8 trillion kWh in 2030 (about 2.6 trillion kWh in 2005). Rising fossil fuel prices, 
pressure of energy security, and problems of GHG emissions give our chances 
to develop new nuclear generation capacity. 
 
5.6  Solar energy 
 
Energy from sun is called solar energy. Solar energy can produce heat, hot 
water and electricity etc.46
There are two main kinds of solar technologies: passive solar or active solar 
technologies (determined by the way of capture, conversion and distribution). 
Active solar techniques include using photovoltaic panels and solar thermal 
collectors to produce the energy. Setting a building to the sun or selecting 
favorable thermal materials or designing spaces that naturally circulate air are 
 Life can’t exist without sun, solar is the most 
available renewable energy on the earth. Since 15 years ago, industries of 
solar energy have been developing very fast and the expanding rate is nearly 
30%.  
 
                                                        
46 NREL homepage: http://www.nrel.gov/solar/   
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all passive solar techniques 47
5.6.1 Solar thermal  
 
 
 
Solar thermal is utilizing solar energy for heat. There are three kinds of solar 
thermal collector depending on the temperature: low temperature, middle 
temperature and high temperature.  
 
Low temperature collector can generate warm water for swimming pool and 
warming the building. It can be used on heat, ventilation or air condition 
equipment.  
 
Middle temperature collector provides hot water for resident or industry. It can 
also use for drying products such like meat, fish or fruit. In some area of the 
world like Tibet, people use solar for cooking. Solar cooker avoids fuel costs, 
reduces demand for fuel or wood and improves local air quality.  
 
High temperature collector can generate electricity. Normally even the 
temperature is high it is still not enough for electricity generation. People need 
using mirrors or lenses to obtain higher temperatures which called 
concentrated solar power.  
Figure 19: concentrated solar power technology 
 source: NREL  
 
                                                        
47 http://en.wikipedia.org/wiki/Solar_energy  
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5.6.2 Photovoltaic 
 
Photovoltaic = Photo (Light) + Voltaic (Electricity). It uses solar cells 
conversing solar energy direct to electricity. RGSR (2009): As the demand of 
solar energy increases, technology of solar cells has advanced very fast. Now 
the challenge of solar cell is to increase its efficiency. One normal solar cell 
could only transfer 1/6 sunlight which radiate on cell into electricity.  
 
Advantage of solar power is its emission free. Disadvantage is that the price of 
solar electricity is expensive because of the investment in solar cells and 
inverter equipment. Another disadvantage is that solar energy can’t be got in 
the night and in a cloudy day depending on current technology.  
 
5.7  Tidal power 
 
Tidal energy is very like hydro power. It uses the energy from movement of 
tidal for energy or other form of power. Location is very important for tidal. Tidal 
energy could only be utilized in places where there is a significant water level 
difference. Tidal can be easy predicted and its utilization efficiency rate can 
achieve 80%.  
 
Pelc and Fujita (2002): Build a barrage on estuary does have many affect on 
the ecosystem of water. So many governments are not agreeing to build a 
barrage.  
 
Building a tidal barrage power causes a high capital cost and a low running 
cost. A tidal power may not produce returns for a long time, and investors may 
be reluctant to participate in such projects. Finance a tidal barrage power or 
other new energy plan may be available, but many governments would not like 
to do so because investment return will take a long time and take the high 
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irreversible commitment. 48
5.8 Wind energy 
 
 
 
Human utilize wind for thousands years. In the last century as technology 
improved, wind can be used direct for electricity. Between 1996 and 2006, the 
average cumulative growth rate of global wind power capacity grew was 28.6%. 
The average growth rate of annual installation was 29.2%.49
 
Source: GWEC 
 
 
European Wind Energy Association point out that European developed wind 
energy very fast and now it is the leader of the world using wind energy (Figure 
20). The capacity of wind energy installed was nearly 120,798 MW by end 
2008. 
Figure 20: Global cumulative installed capacity of wind energy 
Global wind energy council (www.gwec.net): wind energy’s installations are in 
over 70 countries and its role become always important. In 2007 over 60% of 
the new wind energy installation was created by three countries: the USA of 
26%, Spain of 18% and China of 17%. And Figure 21 shows the total installed 
capacity of different country  
 
                                                        
48 http://en.wikipedia.org/wiki/Tidal_power  
49 Xia and Song, 2009. Wind energy in China: Current scenario and future perspectives. 
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Figure 21: Top 10 installed capacity 
 
Source: GWEC 
 
Wind energy is clean and renewable energy. It is a solution to against climate 
change. It can improve air quality by replacing the conventional fossil fuel.  
 
Wind power has already price competitive with new conventional technology 
and in some cases even much cheaper than power generated from 
conventional fuel. It has commercially attraction especially when we take 
thinking of the cost of carbon. 
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6. Economic Analysis of Alternative Energy   
 
The economic analysis of alternative energy can explain why we need 
alternative energy (all theory based on the lecture note of International Energy 
Management from Franz Wirl) and when is alternative energy better than 
conventional energy without any regulation intervention (theory based on Ma 
and Hu (2004)).  
 
Most of conventional energies are exhaustible energy. The energy stock of 
them is fixed and declines over time. As the stock declines over time, energy 
price would eventually increases. Then a Cake-eating problem happened. 
 
Assume a given stock, an optimal rate of consume it and a positive discount 
rate: the optimal consumption path decline which means at the beginning the 
consumption is relative high and decrease overtime until the stock is 
exhausted (Figure 17) 
Figure 22: the consumption path of exhausted energy 
 
 
 
 
 
 
 
 
Source: Franz Wirl (2008), International Energy Management [lecture note] 
People have utility U (q) of energy consumption  
Set t = 0, 1, 2…..n; qt = consumption in period t and R=Reserve (or the size of 
cake) r=discount rate  
Object to solving cake eating problem: maximize net present value of utility 
Resource  
Time 
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about resource consumption and consider the resource constraint.  
max
𝑞𝑞=1,2,3…𝑛𝑛� 1(1 + 𝑟𝑟)𝑡𝑡𝑛𝑛
𝑡𝑡=0 𝑈𝑈(𝑞𝑞𝑡𝑡  )                                     (1) 
𝑅𝑅 −�𝑞𝑞𝑡𝑡
𝑛𝑛
𝑡𝑡=0  ≥ 0                                                             (2) 
𝑞𝑞𝑡𝑡   ≥ 0                                                                                (3) 
Using the methode of Kurash-Kuhn-Tucker theory can get the result in the 
following:  (1 + 𝑟𝑟)−𝑡𝑡  𝑈𝑈′ =  𝜇𝜇 
It explains that in optimal consumption path, the net present value of marginal 
utility keep constant.  
 
In a competitive market case many firm supply energy and the social wealth 
consist consumer surplus and producer surplus.  
The utility is: 𝑈𝑈(𝑞𝑞) = �∫ 𝑝𝑝(𝑥𝑥)𝑑𝑑𝑥𝑥 − 𝑞𝑞𝑝𝑝(𝑥𝑥)𝑞𝑞0 � + 𝑞𝑞𝑝𝑝(𝑥𝑥).  
Maximize the net present value of utility under resource constraint and get: 
𝑝𝑝𝑡𝑡 =  (1 + 𝑟𝑟)𝑡𝑡  𝑝𝑝0. 
It explains that in the optimal path the price should grow at the discount rate.  
 
In a monopoly case there is only one energy supplier and he knows exactly the 
demand curve of consumer. The monopolist chooses the extraction rate to 
maximize his profit and the growth rate of extraction rate will less than discount 
rate: price grows below the discount rate (optimal rate for competitive market).  
 
The consumption of energy will decline over time and backstop technology will 
supply other usable resource as substitute. Backstop technology is a kind of 
technology which can produce a perfect substitute for exhaustible resource at 
a constant high price. 
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Figure 23: compare the consumption in optimal path and in monopoly 
 
 
 
 
 
 
 
 
Source: Franz Wirl (2008), International Energy Management [lecture note] 
We note y as output of backstop and c as cost of produce backstop; q as 
consumption of exhaustible energy. t = 0, 1, 2 and assume at t=2 there is 
usable backstop technology. Maximize the social wealth: 
max � U(q)(1 + 𝑟𝑟)−𝑡𝑡1t=0 �+(1 + 𝑟𝑟)−2 [𝑈𝑈(𝑞𝑞2 + 𝑦𝑦) − 𝑦𝑦𝑦𝑦]          (1) 
𝑈𝑈(𝑞𝑞) =  �𝑝𝑝(𝑥𝑥)𝑑𝑑𝑥𝑥𝑞𝑞0                                                                                (2) 
𝑞𝑞(𝑡𝑡) ≥ 0                                                                                                  (3) 
𝑦𝑦 ≥ 0                                                                                                         (4) 
𝑅𝑅 −�𝑞𝑞𝑡𝑡
2
𝑡𝑡=0  ≥ 0                                                                                       (5) 
 
Case I: If q2 >0, y>0  c= p0 (1+r)2 = p(q2+y) that means there are exhaustible 
energy consumption and alternative energy consumption as the price of 
alternative energy is the same as the price of conventional exhaustible energy.  
 
Case II: If q2=0, y>0  c< p0 (1+r)2 that means the backstop technology has 
replace the conventional exhaustible energy using.  
 
Case III: If q2 >0, y=0  c > p0 (1+r)2 that means the backstop technology is 
Monopoly case 
Optimal path  
q 
time 
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still expensive and no one want to use them.  
 
All 3 cases can be put in graph (Figure 24). Blue line is for case I, red line for 
case II, yellow line for case III.  
Figure 24: 3 cases about backstop technology 
 
 
 
 
 
 
 
Source: Franz Wirl (2008), International Energy Management [lecture note] 
Using alternative energy is determined by its cost. Conventional fossil fuel 
faces the risk of exhaust. So the price of conventional fossil fuel will increase 
over time. As technology development, cost of alternative energy will decrease. 
In the future alternative energy will have more competitive than conventional 
fossil fuel.  
 
The extern cost of energy could not be ignored. Ma and Hu (2004): A negative 
extern cost of fossil fuel will increase its economic cost. A positive extern cost 
of renewable and clean energy will decrease its economic cost. It is possible 
that renewable and clean energy will replace the conventional fossil fuel in the 
future.   
 
What is the factor reflect the time point at which the alternative process occur? 
First the function for the cost of energy exploration should be set. A simple 
function could be note like:  C = 𝐹𝐹(𝑄𝑄,𝑇𝑇) 
C is the cost; Q is the quantity of energy stock; T is the time horizon. 
p 
c 
t=2 T t=1 
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The cost of utilization for conventional energy and alternative energy could be 
put in a graph (Figure 25).  
Figure 25: Cost and Marginal cost of utilization 
 
 
 
 
 
 
 
Source: Ma and Hu (2004) 
The T* is the time point at which the cost of exploration for alternative energy is 
the same as the cost for conventional energy.  
 
Technology including research technology, exploration technology, energy 
equipment improvement etc. can affect the position of T*. As technology 
develops, both cost curve shift down. If the curve for alternative energy shift 
more heavily than the curve for conventional energy, T* will move to left and 
contrarily move to right.  
 
Energy policy including tax, subvention and other regulation instruments can 
also affect T*. If government supports the development of alternative energy or 
restrict the conventional energy use, T* will move to left.  
 
If person or government’s consciousness on environment increase, the extern 
cost of conventional fossil fuel will be considered, the cost curve of 
conventional energy will shift up so that T* will move left.  
 
So it is clear that energy policy, energy environment, and social’s environment 
consciousness will more or less affect the process for energy substitute.  
Conventional  
Alternatvie   
Cost 
Time T* 
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7. China´s Environment Problem    
 
Today environment problem become serious, especially the global warming 
and climate change. Using fossil fuel causes many environment damage and 
these damages can be seen as extern cost which usually is not considered in 
the process of energy price setting. 
 
Traditional utilizing of fossil fuel (especially coal, oil) is the source of air 
emission. China’s current largest primary energy source is coal. Gielen and 
Chen (2001): Coal use causes a number of environmental problems, such as 
CO2, SO2 emissions and particulate matter emissions.  
 
SO2 can bring acid rain. Acid rain can damage field, forest, buildings and river 
waters. Particulate matter is unhealthy for human. CO2 emission is the main 
causation of global warming and climate change. Zhang (2007): Burning coal 
contributes 90% of the national total SO2 emissions and 70% of the national 
total dust and CO2 emissions. Half of China’s city air cannot meet the quality 
standards and many lands are suffering acid rain. 
 
In 2006 China contribute about 6018 million metric ton of carbon dioxide which 
more than the amount all the European countries contributed and is nearly 20% 
of world’s total emission (Figure 26). 
 
According to EIA’s projection, China will pass the USA to become the world’s 
largest CO2 emission maker (Figure 27). To 2030, China would contribute 40% 
of the CO2 emission global annual growth.  
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Figure 26: China’s carbon dioxide emission 2000-2006 (MMt) 
 
Source: EIA Statistic data 
 
Figure 27: CO2 emission projection (MMt) 
 
Source: Roser and House (2007) 
China’s big emission has brought global attention. Kyoto protocol50
Gielen and Chen (2001): the Chinese government has made ambitious 
 is an 
international commitment for CO2 reduction. China has no obligation for Kyoto 
protocol because it is still a developing country. But Chinese government still 
faces big pressure not only from global aspect but also domestic aspect. Roser 
and House (2007): There is no solution for climate change without China’s 
cooperation.  
 
                                                        
50 The Kyoto Protocol is an international agreement linked to the United Nations Framework Convention on 
Climate Change. The major feature of the Kyoto Protocol is that it sets binding targets for 37 industrialized 
countries and the European community for reducing greenhouse gas (GHG) emissions .These amount to an 
average of five per cent against 1990 levels over the five-year period 2008-2012. The major distinction between 
the Protocol and the Convention is that while the Convention encouraged industrialized countries to stabilize GHG 
emissions, the Protocol commits them to do so. (www.unfccc.int) 
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decisions for reducing China’s dependency on coal and focus on other energy 
resource like natural gas and renewable clean energy. These policies have 
been driven by strategic dispose (such as sustainable development strategy) 
and by concerns regarding domestic air pollution.  
 
Chinese government has proposed to build a “harmonious society” which 
means China’s previous development policy ignoring the environment impact 
has to be changed. Zhang (2007): Because of range environmental problems 
from fossil fuels burning China has to look to the alternative energy sources. 
China’s ambitious plan is to utilize alternative energy for 16 percent of its 
nation’s energy demand by the year 2020. The goal is more than the 
forecasting result projected by other international organizations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
58 
 
8. Alternative Energy in China  
 
Rising demand of energy let China to be an energy import rather than an 
energy exporter. In 2007, nearly 50% of China’s oil consumption came from 
import. China is becoming one of the reasons for global energy political 
tensions.  
 
Furthermore, China would be the world’s largest CO2 emission maker in a 
short time. China must do efforts to reduce the CO2 emission even it does not 
have obligation of Kyoto protocol.  
 
In order to keep sustainable and harmonious economic development, it is an 
inevitable choice for China to utilize renewable or alternative energy instead of 
conventional fossil fuel. China’s government has been starting several 
programs and regulations to promote alternative energy especially renewable 
energy. Next we will survey the potential and barriers of alternative energy’s 
development in China.  
 
8.1  Policy, law and investment 
 
In recent decades, Chinese Government has done effort to expand the 
utilization of alternative energy, especially renewable energy such as hydro 
power, wind, solar and so on. Ma and Hu (2004), Cherni and Kentish (2006), 
Zhang et.al (2007) all point out that: government support is a key power and 
mechanism for developing renewable energy.  
 
First of all we will introduce how the energy policy can be made in China. 
Figure 28 shows the organization and administration for energy policy making.  
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Figure 28: Organization for energy policy making in China 
 
Source: WEO (2007) 
Making and implementing energy policy in China are determined by many 
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departments. The State Council is the highest decision maker. Actually the 
National Development and Reform Commission (NDRC 
http://www.sdpc.gov.cn/ ) is the policy maker and it makes the overall 
management of country’s economy. The Energy Bureau within the NDRC 
establishes energy-supply policy as well as takes care of energy efficiency, 
pricing and regulation of energy industries. National Energy Leading Group is 
directly controlled by Premier and support for making long energy strategy and 
coordination of energy law drafting. 51
In the last 15 decades, many energy law and policy has been adopted. The 
Electricity Law passed in 1995, Energy conservation Law passed in 1997 and 
Air Pollution Prevention Law passed in 2000 all encourage the exploitation and 
utilization of alternative energy. There are also many support regulations and 
administrative policies: Administration on Joint Networks Wind Power 
Generation; Comprehensive Working Programs on Energy Saving and 
Emission Reduction; Further support on the Development of Renewable 
Energy; 1996-2010 New Energy and Renewable Energy Development 
Principles; 2000-2015 New Energy and Renewable Energy Development 
Principles.
 
 
52
In 2005, a new law “The Renewable Energy promotion Law” was passed by 
the State Council. It gives out a legal base for development of renewable 
energy or alternative energy. At the same time, five sets of supporting laws 
came up. The Renewable Energy promotion law came into force in 2006. The 
law proposes to promote the exploitation of renewable energy and enhance 
renewable energy supply. It also helps improving China’s energy structure, 
insure energy security, protect environment and keep sustainable economic 
growth. Otherwise, Government has set up energy projects to support 
 
 
                                                        
51 WEO (2007), page 268-270 
52 Zhang et al. 2007. Opportunities and challenges of renewable energy policy in China  
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renewable or alternative energy. (Table 13) 
Table 13: Alternative/Renewable energy projects in China 
Time Project Initiating Institution Introduction 
1996 Bright Project State Commission of 
Development and Reform 
Provide renewable power to 20 million 
Chinese citizens 
1996 Fair Wind Project State Commission of 
Development and Reform 
During the 10th Five year Plan, 
60%-80% of more wind machinery 
produced by China 
1997 Dual Pluses Projects  State Commission of 
Economy and Trade 
Invest RMB 900 million yuan to 
accelerate wind energy power 
1998 Crop Stalk Gasification 
Project 
State Planning Commission Support the general rural area to 
promote and extend the crop stalk 
gasification techniques 
2000 State Debt Wind Energy 
Power  
State Commission of 
Economy and Trade 
Construct 8 x104 kW China made wind 
energy power generation group model 
wind power field 
2000 Tenth Five Year Plan State Commission of 
Development and Reform 
Up to 2005, the installed capacity for 
wind power generation reached 1500 
kW 
2000 Renewable Energy 
Industrial 
Development Plan 
State Commission of 
Economy and Trade 
Up to 2015, the installed capacity for 
wind power generation reaches 7000 
MW 
2002 Acceleration Plan for 
Bright Project 
State Commission of 
Development and Reform 
Provide a capital of RMB 1800 million 
yuan for solar energy and wind energy 
projects 
2002 Electricity Delivered to 
Village Project 
State Commission of 
Development and Reform 
Solve the domestic power problem for 
4.0 x 105 citizens 
2003 Six Smalls Project State Commission of 
Development and Reform 
Water conservation and irrigation, 
human and animal drinking, rural road, 
rural water and electricity, pasture 
barrier and some other projects 
2003 Rural Household Marsh 
Gas State Debt Project 
Department of Agriculture, 
State Commission of 
Development and Reform 
Construct the marsh gas construction 
with state debt capital 
2006 Scaled Development 
Project on Renewable 
Energy 
Chinese Government, 
World Bank, World 
Environment Fund 
Study and formulate the policy for the 
development of renewable energy; 
support the technical advances in 
renewable energy; 
construct an industrial system for 
renewable energy; to realize the scaled 
development of renewable energy 
Source: Zhang et al. (2007) 
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Those projects have gained significant progress on reforming of energy 
structure to increase the share of alternative energy/renewable energy.  
According to EIA’s IEO (2009), the growth rate of alternative energy is 54% 
among the last 5 years.  
 
Financial support is also very important for developing alternative energy. 
Financial subsidy and tax is a useful encouragement mechanism in practice. 
Zhang et al. (2007): Financial subsidy could be categorized to investment 
subsidy, product subsidy and user subsidy. To Chinese government, financial 
subsidy is a most conventional method applied in alternative energy 
development. Investment subsidy includes giving direct subsidy to the investor 
and developer of alternative energy program. Product subsidy is the subsidy 
for product of alternative energy, for example solar cells or the electricity 
generated by alternative energy. User subsidy means using alternative energy 
can get subsidy.  
 
Li and Shi (2006): Chinese government set up cash interest loan and gives out 
120 million Yuan each year as subsidy for power generation and technologies 
of wind power, solar energy and biomass. According to NDRC’s report, a 
product subsidy of 0.25 Yuan / kWh on electricity price for biomass generation 
has been launched; Average 1000 Yuan per household in China has been 
subsidized for rural methane using. Many local governments provide also 
some small subsidies for alternative energy development and exploitation.  
 
The value added tax for small hydro power and wind energy power is only the 
half of normal percentage, equal to 3%. The importation tax for domestic 
unable produced alternative energy equipment was also reduced. Local 
governments also decline the income tax rate for alternative energy industries, 
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such as in province Xinjiang and Tibet. 53
Other regulations to alternative energy include price control, industry support 
and R& D policy. Regulations, for instance “Management measure of electricity 
price from renewable energy” in 2006 or “Control the purchase of capacity 
from renewable energy and execute the price policy” in 2008 bring advantages 
for electricity reform by utilizing renewable/ alternative energy in China.
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53 Department of Finance: 
  
 
Chinese government is implementing technology research and development 
plans to support the utilization of solar energy, PV power and wind power 
generation. Zhang et.al (2007): Industry for PV power generation equipment or 
wind power generation equipment get additional favorable policy to reduce the 
cost of China made equipment. In recent year, there exist more and more big 
enterprises of PV power equipment and wind equipment. China will become a 
large wind machinery manufacture in next 3-5 years.  
 
At the beginning of development alternative energy, technology is a big 
bottleneck. Since 1997, more than 900 official plans have been launched 
around the country to support the R&D problem.  
 
According to Renewable Global Status Report 2009, global annual investment 
in renewable energy increased from 20 billion dollars in 2004 to 120 billion 
dollars in 2008 (Figure 29). China is on the 3rd place of new capacity 
investment, in the range between 10 to 15 billion dollars, just behind U.S. and 
Spain. For wind power added as place 2, solar hot water added as place 1 and 
ethanol production as place 3. To the end 2008, China’s existed capacity of 
renewable energy is the largest one in the world (Table 14). 
 
http://www.mof.gov.cn/  
54 State Electricity Regulatory Commission: http://www.serc.gov.cn  
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Figure 29: Global investment in renewable energy 
 
 
 
 
 
 
Source: Renewable Global Status Report 2009 
 
Table 14: Existed capacity of renewable energy 
 
Source: Renewable Global Status Report 2009 
 
Investments in alternative energy include domestic investment and foreign 
investment. Domestic investment comes from government founding, loan, and 
big private company and group. Foreign investment comes from foreign 
government, international organization and foreign business investor. Among 
the year of 2005-2020, Chinese government plan to invest 2000 billion RMB 
Yuan on alternative energy projects, on the other hand, domestic big 
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companies will invest amount of 3000 billion RMB Yuan.55 Alternative energy 
is a technology intensive sector, the development need help from other 
developed countries. Foreign governments, international organizations will 
invest for some low carbon CDM projects. Alternative energy industry is a 
significant good choice for them. Foreign companies like SIMENS China plans 
to invest 1.35 billion RMB Yuan in the area alternative energy.56 BP also has 
very good relationship with China’s alternative energy market. In 2008, BP 
signed an agreement with Chinese government to invest continually on 
alternative energy sector and help the development of alternative energy in the 
future.57
8.2 The effect of the policies, law and investment  
 
 
From the aspects of policy, law and investment, China has good 
macroeconomic conditions for alternative energy development.  
 
 
 
 
Did these projects and policies implemented well and affected the utilization of 
alternative energy in the recent years? In order to answer this question, we 
should survey the consumption of alternative energy before and after the 
policies and investment launched. Here we will use the EIA’s data which is 
relative more integrated than others. Table 15 shows the amount of total 
alternative energy consumption and the share of alternative energy to total 
primary energy between 1993 and 2006. Figure 30 is the graphic which shows 
how the alternative energy consumption changed between 1993 and 2006.  
 
 
                                                        
55 Chinese Renewable Energy Industries Association: http://www.creia.net/ 
56 http://www.chinacie.com.cn  
57 BP: http://www.bp.com/  
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Table 15: Consumption of alternative energy between 1993-2006 (Quadrillion Btu) 
 
year 93 94 95 96 97 98 99 
total primary energy  31.6 34.1 36.4 35.8 36.7 35.3 31.9 
total alternative energy  1.7068 1.7476 1.9408 1.9476 1.8374 2.1442 2.3476 
share of alternative energy 5.40% 5.12% 5.33% 5.44% 5.01% 6.07% 7.36% 
 
00 01 02 03 04 05 06 
37 40.9 42.1 49.7 59.6 66.8 73.8 
2.3544 2.6578 2.885 3.0428 3.4632 3.47 4.487 
6.36% 6.50% 6.85% 6.12% 5.81% 5.19% 6.08% 
Source: EIA 
Figure 30: Changing of primary and alternative energy consumption 
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Year 1993-1997: The total primary energy consumption did not change 
violently; the average consumption per year was about 34.92 quadrillion Btu 
and the standard deviation is 2.11. The total alternative energy consumption 
increased a lit bit up but also not violently; the average consumption was 1.446 
quadrillion Btu and the standard deviation is 0.10. The share of alternative 
energy was between 5% and 5.5%; the average was 5.26% and the standard 
deviation is 0.00187. So we find that between year 1993 and 1997, neither 
total primary energy nor alternative energy change violently. The share of 
alternative energy was keeping in a stable level.  
 
Year 1997-2002: the total primary energy began increasing. The average 
growth rate between 2002 and 1997 was nearly 3.5% per year. The average 
growth rate of total amount of alternative energy consumption was 9.4 % per 
year and reached 2.885 quadrillion Btu in 2002. The share of alternative 
energy in this stage increased very fast. In 1999 the share even reached 
7.36%. After 1999, the share turned back and kept in the range of 6% to 7%.  
 
Year 2002-2006: from the curve we can see from 2002, the total primary 
energy consumption increased fast. The average growth rate per year is 
15.06%. In this period, the development of alternative energy consumption 
was also significant. Comparing to the consumption of 2.885 quadrillion Btu in 
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2002, the absolute amount doubled in 2006 to 4.487 quadrillion Btu. Although 
the absolute amount of alternative energy consumption increased fast, the 
share of alternative energy decreased. The reason is due to too large increase 
in primary energy consumption.  The increase of alternative energy could not 
jet exceed the increase of primary energy. Fortunately, the trend began to 
turnaround in 2006. The curve of alternative energy consumption shifts up 
sharply and the share of it came back to 6.08%.  
 
Before 1993, there is few policies and laws for alternative energy, the total 
amount of alternative energy consumption was very small (year 1990: 1.3 
quadrillion Btu, year 1993: 1.5 quadrillion Btu, growth rate 4.8% per year). If we 
do not consider any incentive mechanisms which launched after 1993 
(assumption case: there are no policies, laws and investments on alternative 
energy and kept this slow average growth rate of consumption which is 4.8% 
per year), what might happen to 2006?  
 
Question 1: When there are no incentive mechanisms for alternative energy, 
would the development of alternative energy be slower?  
 
Table 16 and Figure 31 can give us a clear impress of two different cases. In 
assumption case, the absolute amount of consumption is much less than that 
in reality case (3.139 quadrillion Btu compared to 4.487 quadrillion Btu).  
Table 16: Consumption of alternative energy in assumption case (Quadrillion Btu) 
year 93 94 95 96 97 98 99 
total primary energy  31.60  34.10  36.40  35.80  36.70  35.30  31.90  
total alternative energy  1.7068  1.7887  1.8746  1.9646  2.0589  2.1577  2.2613  
share of alternative energy  5.40% 5.25% 5.15% 5.49% 5.61% 6.11% 7.09% 
 
00 01 02 03 04 05 06 
37.00  40.90  42.10  49.70  59.60  66.80  73.80  
2.3698  2.4835  2.6028  2.7277  2.8586  2.9958  3.1396  
6.40% 6.07% 6.18% 5.49% 4.80% 4.48% 4.25% 
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Figure 31: Compare the development of alternative energy in reality and 
assumption.  
 
 
The share of alternative energy in assumption case would decrease faster 
than that in reality after year 2002. In reality case, the share of alternative 
energy turned back in 2006 but this would not happen in assumption case. The 
gap either of the total consumption or the share between the reality and 
assumption case might be much larger in the future.  
 
From the last 10 years, in this short time, the effort of incentive mechanisms for 
alternative energy did have significant effect on the energy mix after they 
launched. If there were no policies or new investments on alternative energy, 
its development would be very slower. But for such a short time the effect on 
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the energy mix was not very big.  
 
Because we only have the historic data to year 2006, we could not compare   
the reality and assumption case for year 2007-2009. In the future research, 
people having more new data can supplement our finding.   
 
Next we want to discuss whether the policies, laws and investments affect the 
short term and long term energy mix forecasting.  
 
Question 2: Do the policies, laws and investments affect the short term and 
long term energy mix forecasting? 
 
We focus on forecasting results made between 1998 and 2009 by EIA. We 
collect the data from each forecasting in different years together in Table 
17-Table 19. We use graphic in order to describe the numbers better (Figure 
32). 
 
Table 17: The forecasting for total primary energy consumption (Quadrillion Btu) 
 
1998 1999 2000 2001 2002 2003 
2015 88.40 81.80 94.70 69.10 68.80 50.50 
2020 109.70 98.30 122.00 84.10 84.40 55.70 
2025 - - - - - 60.30 
2030 - - - - - - 
 
2004 2005 2006 2007 2008 2009 
65.70 86.10 91.80 97.10 104.00 105.90 
77.70 97.70 106.60 112.60 120.60 124.00 
91.00 109.20 121.70 128.30 138.00 140.70 
- - 139.10 145.40 155.20 155.80 
 
Source: EIA 
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Table 18: The forecasting for total alternative energy consumption (Quadrillion Btu) 
 
  1998 1999 2000 2001 2002 2003 
2015 5.09 4.70 5.55 5.81 5.71 5.53 
2020 5.38 4.88 6.05 7.10 7.05 5.91 
2025 - - - - - 6.37 
2030 - - - - - - 
 
2004 2005 2006 2007 2008 2009 
5.44 6.17 6.97 5.06 5.86 10.59 
6.38 6.75 7.65 6.04 6.41 14.00 
7.32 7.38 7.98 6.86 7.99 15.47 
- - 8.63 7.72 9.49 18.22 
 
Source: EIA 
 
Table 19: The forecasting for share of alternative energy (Quadrillion Btu) 
  1998 1999 2000 2001 2002 2003 
2015 5.76% 5.74% 5.86% 8.41% 8.30% 10.94% 
2020 4.90% 4.97% 4.96% 8.44% 8.35% 10.62% 
2025 - - - - - 10.57% 
2030 - - - - - - 
 
2004 2005 2006 2007 2008 2009 
8.28% 7.16% 7.59% 5.21% 5.63% 9.50% 
8.21% 6.91% 7.18% 5.36% 5.31% 10.27% 
8.05% 6.76% 6.56% 5.35% 5.79% 9.70% 
- - 6.21% 5.31% 6.12% 10.37% 
Source: EIA 
 
 
Figure 32: Forecasting results in different years 
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The projections made before 2003 for year 2015 and 2020 shows that the 
projection makers decreased their estimate on total primary energy 
consumption.  That may due to the downturn of energy consumption before 
and at the beginning of the new century in China which lead a passive affect 
on forecasting. The projections results after 2003 shows big prospect on total 
primary energy consumption not only for year 2015, 2020 but also for year 
2025 and 2030. They argued that the consumption of total primary energy 
should be much more than the amount projected in previous years. In the 
latest projection in 2009, the number reached a new high level, comparing to 
previous projections.  
 
The projections for alternative energy consumption for year 2015, 2020, 2025 
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and 2030 do not change very much before 2008, even in the years when the 
projection number of total primary energy decreased violently. 2009’s 
projection increased the consumption amount very much for all 4 future years 
(even doubled to 2008’s projection). Focusing on the projection made in the 
same year for 2015, 2020, 2025, 2030, we find the total consumption of 
alternative energy would increase over time. The increase speed in earlier 
projections is much lower than that in later projection.  
 
The changing of projections for the share of alternative energy to 2015, 2020, 
2025 and 2030 looks largely similar. The latest forecasting shows: as the total 
primary energy consumption increase violently, the development of alternative 
energy still keep going and the consumption amount will significant increase 
not only in the short term but also in the long term. The share of alternative 
energy will increase very much to 2015, after then it will keep regularity and will 
not change very much.  
 
Our analysis argues that the projection makers have more confidence on 
alternative energy consumption in China, especially in the short term 
forecasting. What can bring them so much confidence? One of the most 
important reasons is that the effort which Chinese government has done is 
observed and people think the present incentive mechanisms is availability.  
 
For the moment, we think that the policies, laws and investments have affect 
on energy mix forecasting. From the projections made in different years, we 
find that the effect of incentive mechanisms on alternative energy affect the 
energy mix more efficient in short term than in long term. So the current 
incentive mechanisms and investment are probably not enough for long term 
sustainable improvement of alternative energy.  If China wants to reach the 
government’s goal of “share of alternative energy to 16% to 2020”, much more 
need to be done. Otherwise, this pretty promise is just a lie.  
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Next we will talk about which has brought for each type of alternative energy 
and which could be still done to optimize the utilization of alternative energy.  
 
 
8.3  Current development and opportunity  
 
8.3.1 Biomass energy 
 
Biomass is always an important energy source in Chinese rural areas. Wood 
and agricultural residues can be burned for cooking and heating. Li et.al (2001): 
The proportion of biomass in rural primary energy consumption was high, 
sometimes about 22%. But this fraction decline since 1980. Few biomass in 
China now is converted into modern energy carriers, such like electricity, liquid 
fuel. After the economic reform, many social infrastructures constructed in 
rural and people living there can use electricity and gas for cooking and 
heating. Burning biomass directly is not popular any more.  
 
As we have mentioned before, biomass can be utilized as a good alternative 
energy. China has sufficient biomass recourse and there are several existing 
technologies to make biomass cost competitively and efficiency. Converting 
the biomass into modern energy form, including electricity and clean gas and 
liquid fuels, can reduce the negative environment affect of biomass.58
Zhang et al. (2007): To the end of 2005, up to 1700 x 104 methane pools have 
  
 
The current utilization of biomass energy in China includes biological chemical 
transition (marsh gas and fuel alcohol), the biomass gasification (power 
generation or thermal power coproduction), biomass liquefaction (bio-diesel) 
and direct burning.  
 
                                                        
58 Li et al., 2001. Biomass energy in China and its potential 
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been constructed throughout the country. There are more than 3000 large and 
middle sized methane projects, with an annual production of 8.5 x 109 m3. The 
biomass energy power generation was 2.0 x106 kW, the fuel alcohol was 1.02 
x 106 t/a, biodiesel was 5 x 104 t/a. According to the goals of 11th five years 
plan, to the years of 2010 and 2020, the production of biomass would increase 
fastest, reaching (Table 20):  
Table 20: Biomass production to 2010 and 2020 
 2010 2020 
biological solid fuel 1.0 x 106 t 5.0 x 107 t 
bio-diesel 2.0 x 109 t 2.0 x 1010 t 
Fuel alcohol 2.0 x106 t 1.0 x 107 t 
biomass energy 
power generation 
5.5 x 106 kW 3.0x 107 kW 
Methane 1.90 x 1010 m3 4.0x1010 m3 
Source: China’s economy and social development 11th five year programming principle 
Wu et al. (2008): China has abundant available biomass resource. The 
development of biomass energy is an important measure for energy 
restructure. Application of biomass technology plays a significant role in 
development process.  
 
The supporting projects for biomass energy science and technology were 
launched in 2007. These Projects would help to establish technical innovation 
centers in biological energy regions. Then the “Rural marsh gas projects”, 
“Projects of use of crop stalk as energy source”, “Selection and cultivation 
model base construction projects on energy crops” came out and the aim is: in 
2010 the total marsh gas users reach 40 million and marsh gas projects (not 
include small size) reach 700; construct 400 countryside crop stalk 
solidification fuel station and 1000 crop stalk central gas providing station; 
construct bases of raw materials for bio fuel.  
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Wu et al. (2008): Various technologies for biomass energy have been 
developed in the last few decades, but the technology utilization in different 
area is unbalanced in China: “Biogas has been commercially applied; biomass 
electricity, biomass briquette, bio ethanol, and biodiesel are still on the early 
stage of commercialization; lignocellulose ethanol, synthesized fuels, and 
bio-oil technologies are in the research and demonstration stages”.59
Determination factor for rapid development of biomass in the future is the price 
of biomass energy. As we mentioned before, in the economic analysis sector, 
cost of alternative energy comparing with the cost of conventional energy 
determine what is the substitution proportion. Price is a key index of cost. Now 
the market price for bio fuel is 5300 RMB Yuan / ton, bio ethanol is 6000 RMB 
Yuan/ton, Methane 1.5 RMB Yuan/m3. The market price for normal oil is 500 
RMB Yuan/m3 and natural gas is 3 RMB Yuan/m3 (these prices are not fix, 
source: 
 
 
www.bioenergy.cn ). So utilization methane is cost efficient than using 
natural gas for consumers. But bio fuel and bio ethanol are still expensive, the 
price of bio fuel is even double higher than oil price.  
 
Biomass energy is a superiority option for China. Even the speed of growth is 
very fast, there are many barriers for biomass development in China. Review 
old literatures and papers, we summary them into that: (1) technology barriers: 
could the technology solve the efficient utilization? Now the technology is still 
immaturity. (2) Market barriers: the market of biomass in China is not well 
developed. Biomass has not sufficient power to compete conventional fossil 
fuel. Market incentive would be needed. Reduce the cost of biomass energy 
producing will be a key factor. It will still take time to increase its competitive 
ability. (3) Inefficient implement of biomass energy policy.  Especially in rural 
area, the local government has less Government monitory system should be 
set up in order to estimate how promotion regulations for biomass energy are 
                                                        
59 Wu et al., 2008. The development of bioenergy technology in China. 
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implemented.   
 
8.3.2 Geothermal energy 
 
China has abound geothermal resources which are mostly distributed in south 
west China, in province Tibet, Sichuan, Yunnan. Since last 70th, China started 
using geothermal energy for electricity and constructed geothermal energy 
plants in Tibet with total 28.18 MW capacity. The biggest one of them is Yang- 
Ba-Jing geothermal power plant which has 25.18 MW capacities and can 
generate 40% to 60% of the electricity consumption in LASA (the provincial 
capital of Tibet).60
http://www.ganquan.com.cn/geothermal/index.htm
 According to report from Geothermal China Energy Society 
( ) in 1999, in the area of the 
Himalayas, there are more than 255 high temperature (more than 80oc) 
geothermal systems which account for more than 5800MW/30a. Utilization of 
high temperature geothermal for electricity is low, about 0.3 RMB Yuan/kWh. In 
Tibet there are still regions which do not have electricity. Geothermal power will 
be a very good choice for them and it has strong commercial competition 
ability in this area. In Cities of north China, geothermal are also used for heat. 
In Statistic report, geothermal heat could support 1.9 million m2 for heat in 
1990, this number increase to 11 million m2 in 2000. Now it reached 20 million 
m2 with huge growth rate. Ma and Tian (2006): Under the same conditions, 
geothermal heat is cost efficient than heat generation from fossil fuel. 
Geothermal heat is clean, low carbon emission and with low transfer price. But 
the barrier is on the investment aspect. Utilization of geothermal heat needs 
more Investment than fossil fuel boiler for heat.  
 
Many problems which block the geothermal energy development are not 
solved: 1) Government did not put effort to exploitation geothermal energy. 
There is no official prove of the amount of geothermal resource. Now all the 
                                                        
60 China geothermal and renewable energy network: http://www.chinagre.com/  
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geothermal exploitation programs are from private sector and the scale is 
relative small. 2) The R&D of geothermal technology developed relative slowly 
and many equipments depend still on import.  
 
Government should increase policy incentive, investment as well as set 
funding for geothermal development. The commercialization of geothermal at 
the beginning needs favourable regulation measures such as subvention or 
tax. Geothermal energy for heat could not exist alone. It needs the 
coordination from different industries like building construction, material 
industry. Industrialization and commercialization of geothermal energy will not 
be successful soon. China has plenty geothermal resource with good quality. 
Utilization Geothermal is an advisable option until now. If the government 
increases policy incentive, geothermal energy in China will have large 
improvement.  
 
8.3.3 Hydro power  
 
China holds the biggest hydro power capacity now. After the Three Gorges 
Dam project complete, Chinese hydro power goes into a “golden time”. 
Between 2008 and 2015, due to the strategies of “West electricity translation to 
east”; “Supply coordination between north and south China”; “Country Grid 
development”, there should be opportunity for hydro power. About 150 huge 
hydro power generators with each 0.7 million KW will be invested. 10 pumped 
storage hydro power station is in construction and can bring additional capacity 
about 30 million KW.61
According to the report from National Energy Bureau (
 
 
http://nyj.ndrc.gov.cn/): 
China is doing effort on develop hydro power. To 2020, China’s hydro power 
capacity will achieve 300 million KW. Strategy of sustainable development 
                                                        
61 China New Energy Website: http://www.newenergy.org.cn/html/0094/4210926747.html  
79 
 
brings new request to hydro power utilization: construction of hydropower 
station should not destroy the environment and ecological system.  
 
The exploited small hydropower accounts for more than 35% of the total 
hydropower capacity. The developable small hydropower is about 70 million 
KW. China Investment: to 2010, the installed capacity of small hydropower 
should achieve 35 million KW, and would be 50 million KW in 2020. 
Government investment would no more the core financial source. 
Commercialization of hydro power, especially the small hydro power would be 
inevitable. 62
8.3.4 Nuclear energy 
 
 
 
Nuclear energy is always a critical energy type in the history. In 2005, many 
international institutions and organizations (IEA, World Bank, International 
Atomic Energy Agency and so on) agreed and encouraged the expansion of 
nuclear energy for the first time. Nuclear energy is an option of alternative 
energy because it is clean, sustainable. China has a good base for nuclear 
energy development: China has a long history of utilization of nuclear power 
since 1970’s, so nuclear energy is not new to China; some nuclear energy 
program is ongoing or underway.  
 
Table 21 shows the nuclear projects in China. Xu (2007): China’s nuclear 
energy development has 3 main characterize. 1) China began its nuclear 
energy program when the nuclear industry faces debate in other countries, 
such like Belgium, Germany. But there is little opposition in China. 2) China 
has international financial support for its nuclear program. Half of these 
programs are invested by foreign companies. 3) Slow growth rate. Before 2002, 
in the past 15 years, the electricity generation capacity has increased above 
                                                        
62 Engineering and Construction: http://www.jianshewang.com/lunwen/zhicheng/slgc/200910/14187.html  
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350 GW but only 2% of which is from nuclear power sector.  
Table 21: Nuclear projects in China 
Name Commenced Capacity (MW) Reactor supplier Operation 
Qinshan 1 1985 300 PWR, CNNC 1991 
Daya Bay 1 1987 2x984 PWR, France 1993,1994 
Qinshan 2 1996 2x600 PWR, CNNC 2002,2004 
Ling ao 1997 2x990 PWR, France 2002 
Qinshan 3 1998 2x728 RHWR, Canada 2003 
Tianwan 1999 2x1000 PRW, Russia 2007 
Source: Xu Yi Cong (2007) 
The reason for slow development is about its cost. Nuclear power needs large 
investment and the duration of construction is very long.63 From table 21 we 
can see the time between commenced and operation equal average 6 years. 
After 2002, the cost disadvantage of nuclear power is declined.64
In 2009, a new nuclear program “San Men” is commenced. It is projected into 
operation in 2013. At the same time, NDRC adjusted the nuclear development 
plan
 One side is 
due to technology improvement, the other side is due to consideration of the 
cost of carbon emission. Increased price of imported oil, high environment cost 
of coal consumption, lack of natural gas resource leads to a nice future of 
nuclear power. 
 
WEO (2007): Nuclear power capacity in China will be 21 GW to 2015 and 
31GW to 2030 in reference scenario. This amount will increase to 40 GW 
(according to the 11th five year plan) and 55 GW in alternative scenario. To 
2030, the nuclear power should account for 6% of all electricity generated.  
65
                                                        
63 Steve Tomas, 2005. The economics of nuclear power: analysis of recent studies.  
64 Xu Yi Cong, 2007. Nuclear energy in China: Contested regimes. 
:  the capacity of nuclear power which is in operation process should be 
70 GW in 2020 and the capacity which is in construction process should be 30 
GW. In the next 3 years 9 new nuclear power stations including 16 power 
65 China energy website: http://www.china5e.com/show.php?contentid=61420  
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generators will be set up. That means the construction amount of capacity in 
the next 3 years equal the total amount of last 23 years. Even in the financial 
crisis, Chinese government still increases its investment in nuclear energy. 
Regulation maker decided that the nuclear energy industry can enjoy tax 
favorable advantage in next 15 years. A long term nuclear development plan is 
underway.  
 
Questions about the scale of uranium supplier and how to deal with the 
radiation waste from the process of nuclear power generation should be 
serious considered.  
 
8.3.5 Solar energy 
 
China has large area with high irradiation (Figure 33), especially in Tibet and 
south west China. In the high irradiation zone the annual hours of sunlight are 
more than 3200 hours, and the annual irradiation amount is 6600 to 8500 
MJ/m2. The high irradiation zone accounts for 67% of the total area of the 
county which means China has enrichment of solar energy resources.66
Solar energy in China can be used directly as solar energy greenhouse, solar 
heating building. China has many famers and villages, each solar energy 
greenhouse can benefit 15000 RMB Yuan for rural household. It should be 
encouraged. For buildings each m2 needs about more than 30 kg coal per year 
in order to keep room temperature. It brings large environment problems which 
Chinese government has realized. Thousands solar heating houses have been 
build in north China. 1 m2 of the solar heating building can save about 20 kg 
coal per year.
 
 
67
                                                        
66 Luo, He and Wang, 2005. Application technology of solar energy.  
67 Zhou et al. 2008. Study on sustainable development of rural household energy in northern China. 
 China has large scale of farmer and residents, if they realize 
the economic benefit of solar energy building and solar green house, the 
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demand of solar energy building and solar green house will increase.  
Figure 33: irradiation in China 
 
 
 
 
 
 
 
 
 
Source: NREL 
 
Solar energy can also be used indirectly: solar can be transfer into electricity. 
China is now the leader of the capacity of solar hot water. But the capacity of 
solar PV is lower than Japan and South Korea in the Asia. In the last two 
decades the PV industries developed sharply in China (Figure 34). The global 
market share of Chinese PV has increased from 1% to 35% in the last 8 years. 
Government has regarded the PV development and more and more industries 
invested in PV sector. But the most PV is exported to developed countries, 
only 1% leaves in domestic market.68 The domestic PV market in China has 
large potential for expansion to solve the question about “consumption abroad, 
pollution at home”.69
The barrier for the PV domestic utilization in China is focusing on cost. Cost of 
electricity generated by PV is 5-10 times more than normal electricity price. 
The time point at which the price of electricity generated by PV is equal to the 
normal electricity price can be moved up by the help of government regulation 
 
 
                                                        
68 Liu et al. 2009. Solar energy development in China a review.  
69 China’s Clean Revolution 2009, page 24  
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support. According to the date of National Energy Bureau, the utilization of PV 
electricity should be 16%, 20% and 30% of total renewable energy utilization in 
year 2015, 2020 and 2030. Three solar PV power station projects have been 
approved by government as demonstration models with large government 
subsidies 70
Figure 34: The development of PV 
 
 
 
 
 
 
Source: Liu et al. (2009) 
Furthermore, technology improvement can reduce the cost of PV electricity. 
Most Chinese PV industries do not have advanced technology and are just in 
mass production. Funds and loans for R&D should be launched. More 
coordination with university on topics of PV should be regarded.  
 
Another interesting part of solar energy is concentrating solar power (CSP).  
Qu et al. (2008): Chinese government is supporting CSP technology. There 
are big opportunities of CSP technology for China. Now the CSP is on its initial 
steps comparison with other application methods of solar energy. It needs 
much more efforts to bring it to a commercialized position. Government’s 
supporting regulations and strategies are necessary.  
 
 
 
 
 
 
                                                        
70 China’s clean revolution II (2009), page 25 
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8.3.6 Wind energy 
 
China has sufficient wind resources (Distribution map in Figure 35).  
According to Renewable Global Status Report 2009 and report from GWEC, 
China has the world’s fourth largest wind power capacity. China’s Clean 
Revolution 2009: China doubled its capacity to 12 GW in 2008 comparing with 
2007. It will probably double again in 2009. According to the national research 
in 2007, the onshore technically feasible wind resource is totally around 1000 
GW.71
 
 
 
 
 
 
 
 
 
 
Source: Xia and Song (2009) 
Xia and Song (2009) set a time scale model to forecast the development of 
wind energy in the next 20 years.  
 
 Chinese government chooses wind power as an important alternative 
energy source to restructure the energy mix.  
Figure 35: Distribution of wind resource in China 
We can see that China is now in the spring era, the wind energy capacity 
started increasing. In text 15 years the cumulative installation capacity will 
reach its full potential. After year 2025, the utilization of wind energy will be 
steady.  
                                                        
71 Xia and Song, 2009. Wind energy Wind energy in China: Current scenario and future perspectives 
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China’s policies on wind power are most comprehensive than other alternative 
energy policies (Incentive policy and financial policy). The wind energy would 
by covered into the national electricity grid. 72
 
Source: Xia and Song (2009) 
Table 22: Policy and regulation supporting the wind energy into grid 
 (Table 22) 
Figure 36: Installation of wind energy capacity in China 
Source: China’s clean revolution II (2009) 
                                                        
72 China’s clean revolution II (2009), page 28 
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NDRC cooperation with wind energy enterprises and decide the electricity 
price generated by wind for grid together. According to Nr.1906 Regulation of 
NDRC, the country’s wind energy source can be divided into 4 areas. The grid 
prices in each area are: 0.51 RMB, 0.54 RMB, 0.58 and 0.61 RMB Yuan. The 
fix price changed the uncertain floating price for wind energy. It can give the 
wind investors a prospect of its investment return and encourage the cost 
control. The gap between the wind energy price and the normal fuel fired 
electricity price would be distributed between the grid company and its users.73
8.4 Advices for alternative energy development and energy restructure  
 
 
China’s wind power has big opportunities. China has advantages of 
government support for wind power industry. Technology disadvantage is till 
be there. China needs to improve the technology of large capacity turbines. It 
is also necessary to encourage the domestic demand, especially in rural area.   
 
 
 
We have known that energy mix will likely change in the future. Alternative 
energy would play a more important role in the restructure process. Chinese 
government has done a lot on the development for using of alternative energy.  
 
Cherni and Kentish (2006): the core barrier to alternative energy development 
is its high cost. They summarized the factors leading to a high cost of 
alternative energy in China: 1) There are weak local manufacturing industry: 
low quality domestic technology and lack of international investment in 
manufacturing; limited R&D incentives, limited networks for innovation and 
weak framework conditions for innovation. 2) There is low level of business 
competition for alternative energy industry which drives poor project quality 
and under performance. 3) The market of alternative energy is small. 4) Low 
                                                        
73 Central people’s government: http://www.gov.cn  
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cost of coal fired electricity: environmental externalities not considered; no 
capital cost for old plants; transmission and distribution costs not reflected.  
 
Zhang et al. (2007) and Cherni & Kentish (2007): Policies related to alternative 
energy are implemented inefficient. There is lack of coordination and 
consistence, many policies has not been implemented. Incentive and 
encouragement policy do not complete and some is inadequate. Subsidies are 
not enough and the transmission process is unsmooth. The policy transfer and 
implement is a dark box from the central government to local government or to 
local area. There is corruption in some point of the transmission line. There are 
few government low interest loans and the domestic finance mechanisms are 
not enough and complete. Our finding is that the incentive mechanisms 
including policies, laws, regulations and investments on alternative energy do 
have affect on previous energy mix after year 2000, it also affect the energy 
mix forecasting for future both on short and long term. But we still find the 
affect on reality until now is not very huge. Current incentive mechanisms are 
not enough or not efficient implemented to enhance the share of alternative 
energy efficiently in long term. If we really want to make “alternative energy” as 
alternative to traditional energy, we must do more.  
 
Alternative energy is the key complement for a sustainable development. In 
order to commendably develop the alternative energy, China needs to do more 
to support its development. The restructure of energy is inevitable. If we do it 
earlier, the benefit we enjoy earlier.  
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Conclusion 
 
The energy demand has risen rapidly as China experienced large economic 
development. China became a net energy exporter to an energy importer. 
Energy is one of the key factors which influence the economic development. 
Energy is also very important for environment aspects.  
 
In this paper we reviewed the energy structure and consumption in China. In 
the last three decades, China’s energy mix is based on coal which accounts for 
more than 65% of total primary energy consumption. Largely reliance on fossil 
fuel causes more environment problems, such as global warming and acid rain. 
Lack of domestic reserve from fossil fuel causes energy crisis. China faced 
also problem of energy security because of increased import on oil and natural 
gas.  
 
China’s economy is still growing and will keep in that way for 10 to 20 years. 
Higher energy demand could not be avoided. The total amount of primary 
energy will shift up. We analysis the different forecasting results of energy 
structure from different institutions and find that in the next 20 years China will 
decrease the share of coal consumption; the share of oil will probably keep 
steady; the share of natural gas will increase a bit. Non fossil fuel energy 
consumption is now not a main power source for China. In the sector of non 
fossil fuel, hydro power accounts for 6% of total primary energy. Others 
account less than 1%. But we believe that non fossil fuel (alternative energy) 
will become more and more important. The alternative energy will play a 
pivotal role in the process of energy restructure.  
 
We make then a general survey on alternative energy (biomass energy, 
nuclear energy, hydro power, solar energy, wind energy) in this paper. The 
economic analysis of alternative energy point out that: conventional energy 
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(fossil fuel) would be used out. Utilization of alternative energy is an inevitable 
choice for human’s sustainable development. If there is no outside intervention, 
the consumption of conventional energy will decline over time in any case and 
backstop technology will supply other usable resource as substitute. Using 
alternative energy is determined by its cost. Our hope is to using conventional 
energy less and utilizing more alternative energy as soon as possible.  
 
Government incentive regulation measures can encourage and improve the 
domestic alternative development. China’s government has done a lot for that. 
Based on historic data and projections for short term and long term, the 
policies and investments on alternative energy do affect the energy mix 
positively in recent years. The alternative energy in China is beginning to 
expand. But current improvement on alternative energy is still not enough for 
sustainable long term development. We still face barriers preventing the 
development. These barriers must be solved as soon as possible. Government 
should increase the efficiency of policy implement; increase the investment in 
R&D sector of alternative energy; More financial support like low interest loan 
and big fund.  
 
When I finished my paper, the Copenhagen Climate Change Conference was 
opening. This conference brings China under the spotlight again. China makes 
a commitment of reducing carbon emission voluntary. China is looking for the 
technology and financial help from other developed countries. No matter which 
result comes from the conference, the motivation of alternative energy 
development is going up. China’s energy restructure is on the way.  
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Zusammenfassung 
 
Energie hat einen signifikanten Einfluss auf die Wirtschaft und Umwelt. In den 
vergangenen zwei Jahrzehnten hat sich die chinesische Wirtschaft rasch 
entwickelt. Chinas Energiebedarf ist ebenfalls gestiegen.  
 
Wir wollen Ihnen die strukturellen Änderungen in der Energieversorgung 
Chinas in den vergangenen 30 Jahren zeigen und Perspektiven mit 
besonderen Hinblick auf erneuerbare Energien aufzeigen. 
 
Im ersten Teil gibt es einen Überblick über Chinas Energie Strukturen. Derzeit 
ist Chinas Energieversorgung weitgehend von der Kohle abhängig (über 65%). 
Die starke Abhängigkeit von fossilen Brennstoffen verursacht große 
Umweltprobleme, wie zum Beispiel die globale Erwärmung und den sauren 
Regen. Aufgrund des  Mangels an nicht-erneuerbarer Ressourcen ist China 
dazu gezwungen vor allem Erdöl und Erdgas aus dem  Ausland zu 
importieren. 
 
Im zweiten Teil vergleichen wir verschiedene Prognosen internationaler 
Organisationen und der Fachliteratur. Dabei zeigt sich, dass in den nächsten 
20 Jahren der Anteil der Kohle am Gesamtverbrauch in China verringert wird, 
der Anteil von Öl konstant bleibt und der Anteil von Erdgas sich leicht erhöht. 
Erneuerbare Energien sind momentan keine bedeutenden Energiequellen für 
China. Wir glauben aber, dass zukünftig die nicht fossilen Brennstoffe 
(alternative Energien) mehr Bedeutung haben werden. Alternativen Energien 
werden eine zentrale Rolle im Umstrukturierungsprozeß der 
Energieversorgung Chinas spielen. 
 
Der dritte Teil gibt eine Aussicht auf alternative Energien in China.  Viele 
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Gesetze und Verordnungen für erneuerbare Energien müssen verabschiedet 
werden. Wir untersuchen ob diese Gesetze und Verordnungen entscheidende 
Einflüsse auf die Entwicklung erneuerbarer Energien haben werden. Wir 
finden dass diese Mechanismen auf die Umstrukturierung kurz- und 
mittelfristig (bis zum Jahr 2020) schon offensichtlich Einfluss haben wird. 
Längerfristig sind vermutlich effektivere Mechanismen für eine nachhaltige 
Entwicklung notwendig. Es gibt noch Behinderungen für die Entwicklung 
alternativer Energienquellen. Diese Hindernisse müssen baldmöglichst gelöst 
werden. 
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